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These Proceedings of the Seventh World’s Poultry Congress and Ex-
position contain the addresses delivered at the General Assembly and the
technical papers given in the various scientific sessions of the Congress.
The papers are printed in the official language (English, French, German,
or Spanish) in which each was given together with an English summary
for those papers printed in a language other than English.

The World’s Poultry Congresses are held under the auspices of the
World’s Poultry Science Association, an organization embracing poultry
research, teaching, and extension work in the leading nations of the world.

Previous congresses have been held as follows:

1921, Holland; 1924, Spain; 1927, Canada;
1930, England; 1933, Italy; 1936, Germany.

In many respects the papers given in these Proceedings of the Seventh
World’s Poultry Congress and Exposition, held in the United States in
1939, bring up to date the results of research and other efforts on behalf
of the poultry industry of the world.
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THE CONTRIBUTION OF THE POULTRY INDUSTRY TO WORLD-WIDE
ABUNDANCE

By HENRY A. WALLACE, Secrelary, United States Depariment of Agriculture,
Washington, D. C., U. S. A.

It gives me particular pleasure to attend this
international scientific gathering. In science
there are no monopolies, no tariffs, and no em-
bargoes. There is nothing to remind us of in-
ternational strife and much to encourage us in
the hope that eventually the human race will
learn to work together in peace.

Science prospers best through an exchange of
findings, in an atmosphere of freedom, and in a
spirit of world-wide good will. World civiliza-
tion today can for the first time produce abun-
dantly for all needs. This potential abundance
is the fruit of science. It could become actual
abundance if the cooperative principle that is
found in science came to guide all dealings among
men—domestically and internationally. The
spirit and the method of science, its practical
internationalism point the way to improvement
in the economic, political, and social life of the
world.

In opening the Seventh World’s Poultry Con-
gress and Exposition and in welcoming the dele-
gates, I rejoice in the knowledge that this
scientific gathering will undoubtedly make an
important contribution to the wealth and friendli-
ness of nations.

This gathering is an illustration of the fact that
people everywhere have similar natures, feelings,
and problems. It is an illustration of the world-
wide community of human interest. Men of
science think of the problems with which they
deal unhampered by prejudice of race or creed.
Thus they foster an international democracy
in searching for truth and reporting their findings.
They value scientific work, not in terms of its local
or national origin, but in terms of its truth and
practical application.

Ininternational gatherings like this, the natural
tendency of the scientist to cooperate with his
fellows throughout the world is reinforced by
personal contact. And the happy influence of
these contacts is not limited to the conference
room; it spreads widely outside, here and at all
points to which the delegates return.

This conference, of course, represents applied-
y , T€p 1%

science as well as research. It brings together
men skilled in the application as well as the theory

of breeding, feeding, and disease control in the
poultry industry. Practical application of the
knowledge resulting from research is becoming
as international as research itself. Poultry
technology like poultry science progresses through
pooling the methods worked out by many efforts.
Each man working in the field draws more from
the pool of experience than he is able to put into
it. In this Congress, research, applied science,
and discussion of economic problems all will
promote the general welfare through an open
exchange of facts and experience.

Personally I attribute great value to inter-
national commodity conferences. Important
benefits have resulted from the international
conferences that have been held to consider the
problems of wheat, sugar, and other commodities.
They have not always accomplished all they
sought but their achievements have been impor-
tant. Even when such a conference fails to win
its objective and splits on the rocks of divergent
interests it cannot fail to bring about some in-
crease in mutual understanding.

This conference on poultry problems does not
have to face stubborn international economic
problems such as beset the wheat and sugar and
cotton industries. Here and in other parts of the
world there is increasing domestic need for
poultry products. But there are important prob-
lems of consumption and marketing to solve and
this international conference should provide im-
portant help.

This conference appropriately stresses produc-
tion science. Occasional market gluts of poultry
products are not necessarily proof that these
products have been produced excessively. They
do show the need for effectively moving produc-
tion into consumption. We can promote this by
action along two lines: (1) By stabilizing pro-
duction and marketing; and (2) by increasing
national income, and especially the share of the
low-income groups.

I am glad to see that those who have planned
and organized this Congress have arranged for
the study both of production science and of distri-
bution science. The men in charge have provided
for a short course specially for farmers, com-
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mercial producers, breeders, hatcherymen, and
marketing men. Leaders in poultry breeding,
production, and distribution will give the lectures.
Your program provides for discussion of uni-
form grading and consumer education, and of
methods of stimulating the consumption of
poultry products, such as distribution through
relief channels, surplus diversion, and the new
food-stamp plan. This Congress will approach
all aspects of all problems of the industry.

In the United States, and in many other coun-
tries, the poultry industry is more vigorous and
profitable than some other branches of agricul-
ture. It has two great advantages. First, it
tends to benefit automatically from the fact that
each year there are more mouths to be fed in both
Europe and America; second, it profits from the
enormous recent progress in the technology of
breeding, hatching, feeding, and flock manage-
ment. Recent years have seen an amazing de-
velopment of efficiency in the poultry industry.
This has its foundation in the development of
artificial incubation and brooding, in methods of
raising birds in close confinement, in artificial
lighting, control of temperature and ventilation,
and in the use of vitamin, mineral, and protein
supplements in the poultry diet. These develop-
ments have revolutionized poultry practice.

With markets expanding, and the cost of pro-
ducing eggs declining the recent vigorous devel-
opment of the poultry industry was but natural.
The domestic markets for poultry may expand
more slowly in the future, as the rate of growth in
national population goes down. But another
factor may offset the decline in the rate of popula-
tion growth. Most countries today are concerned
about the welfare of the low-income groups.
In proportion as the nations succeed in improving
the purchasing power of these groups the con-
sumption of eggs and poultry per capita will rise.
Efforts along this line will undoubtedly continue
everywhere. The reason is plain. Technology
stimulates production in all lines. Ultimately,
the only way to make consumption keep step with
production is to increase the consumption of the
lower-income groups. No other general solution
of the problem is conceivable. Here and there
single nations may find outlets for their excess
production in exports. But the poultrymen of
most nations will have to depend largely on do-
mestic balance between consumption and produc-
tion for enlarging the market. We might as well
begin along the right line now and figure on the
absolute necessity of raising the consumption of
the low-income groups. Poultrymen especially
stand to gain.

In its rise from a small farm side line to a great
commercial industry, poultry raising in the
United States got off to a late start. Early in
the nineteenth century poultry markets had not
been developed. In the flush seasons, the farmers
had poultry for sale, but mostly they raised
poultry to supply eggs and meat for their own
tables. City people too raised poultry for their
own use just as they grew flowers and vegetables.

The egg market developed before the poultry
market. Eggs could be stored and transported
better than fowls. Also, in a land of abundant
meat, eggs were more highly prized than poultry.
Now that the poultry industry has come of age
commercially, with commercial hatcheries and
farm flocks at once competing and collaborating,
its further progress will depend largely on in-
creased consumption. There is a margin for
expansion, too, in our continued though lessened
population growth, but that cannot be counted
on for much more than 10 to 15 years, in the
United States, at least.

In drawing a picture of the general pattern on
which the poultry industry has been developing
in the United States, I should like to glance back
at some anniversary dates. Then I wish briefly
to sketch the present position of our poultry in-
dustry in terms of income and relative prices.
This will lead me to some remarks on technological
development and on some of its implications.

Conditions in the American poultry industry
are different in many respects from some con-
ditions abroad; but there are points of resem-
blance too; and the similarities will increase with
the world-wide spread of poultry science and
technology. What I shall say, therefore, about
our situation in the United States will be of
interest to the delegates from other countries.

Every technical development we have here and
many of the related economic problems have their
counterpart in, or have originated in, other
countries.

First, as to some of the interesting anniversary
dates I mentioned, it appears that this country’s
first poultry show was held in Boston, Mass., in
1849. Nearly 70 years ago appeared the first
poultry magazine, the Poultry Bulletin of New
York City. In 1879 L. C. Byce of California is
said to have made the first successful mechanical
incubator that was sold to poultrymen on a
commercial scale. In the same year a woman
writing in the ‘““Cultivator and Country Gentle-
man’’ described physical changes that she had
observed in her fowls as autumn approached.
This was the first reference to factors subse-
quently used in culling laying flocks. Also in
1879 Pasteur reported regarding vaccination
against chicken cholera. In 1889 Rice and Mec-
Gowan built but did not patent a successful
trap-nest, the invention that made modern poul-
try breeding methods possible.

Also in 1889 Waldorf published the first report
in this country on the use of artificial light to
increase winter egg production. In 1899 or there-
abouts the 30-dozen egg case commonly replaced
the barrel. An important event in 1899 was
Retgers’ isolation of the germ of pullorum disease.
In 1909 baby chicks began to be advertised ex-
tensively. In 1919 South Dakota passed the first

.good egg law; it required the candling of eggs

and forbade the sale of inedible eggs. In 1929
the New Jersey Experiment Station began the
first experimental work with a sectional brooder.
Reinforcing all these developments was the
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utilization of vitamin D, the nutritional basis
of the modern poultry flock with its artificial
environment.

Twenty years ago it was difficult if not im-
possible to raise chickens in strict confinement.
There was no substitute then for sunlight and
access to soil. Vitamin D was still an unknown
component of the fat-soluble vitamin. Scientists
had not yet dreamed of vitamin G, vitamin K,
and the chick antidermatosis factor. They did
not know that manganese is essential in the diet
of a chicken. Then came developments that
revealed more about the quantitative nutritive
requirements of poultry than we knew about
those of all other classes of livestock together.
The effects were revolutionary.

Poultrymen learned that if chickens received
cod-liver oil in their diet they could be raised in
confinement. Thereafter egg production was no
longer uncontrollably seasonal. Scientific poultry
feeding in commercial and farm flocks gave us
more eggs in the fall and winter and moderated
the seasonal swing of egg prices. Year-round
production of broilers developed. With cod-
liver oil and other fish oils in the diet, broilers
could be produced every month of the year.
Perosis, also known as slipped tendons or hock
disease, ceased to be a bad hazard in the produc-
tion of broilers. Nutrition studies showed that
if the diet contained enough manganese, perosis
was not likely to occur.

Many problems remain to challenge the in-
vestigator. High mortality among poultry is an
outstanding one; it seems to be largely of en-
vironmental origin, and may yield to further
nutrition knowledge, combined with genetic
and pathological research. There are unsolved
nutritional problems of gizzard erosion, ‘‘crazy
chick’’ disease, chick dermatosis, and canni-
balism. Nutrition science may show how to
improve the quality of poultry meat and eggs.
Eventually, it will round out the whole technique,
and tell us infinitely more than we know today
about the nutrition requirements of poultry for
reproduction, growth, egg production, and fat-
tening. Recent progress with egg hatchability
is a sign. Not many years ago only about 60 to
70 percent of the fertile eggs set in commercial
hatcheries produced live chicks. Hatcherymen
can now get fertile eggs with a hatchability of 90
percent or more.

Poultry research, like other types of scientific
work, knows no frontiers between countries.
The benefits extend to all nations and to
all human interests. Recent applications of
poultry work in medicine are a reminder.
Poultry investigations contributed much to
revealing the facts about the vitamin B-G
complex and this in turn led to a knowledge
of the role of nicotinic acid in the prevention
of pellagra. Nutrition studies with chicks and
rats showed that there is more than one kind
of vitamin D and that the several kinds
are not equally effective in all species. This
discovery had a direct application to human

nutrition. Experiments with chicks revealed the
antihemorrhagic factor, or vitamin K. This
vitamin quickly proved of value in pre-operative
treatment for the prevention of post-operative
hemorrhage in surgical operations on the gall
bladder and bile ducts. These facts are new
evidence of the familiar truth that the byprod-
ucts of research are often as important as the
intended results.

In connection with the nutrition of poultry we
should notice the place of poultry products in
human nutrition. Poultry, like other meats, is
valuable for its protein, since protein of good
quality is an essential body-building material.
It is a good source of phosphorus and iron. Poul-
try also contains riboflavin (vitamin G) and
thiamin (vitamin B,;), and nicotinic acid (the
pellagra-preventing factor). KEggs contain many
of the substances essential for human growth and
development. They furnish protein, calcium,
phosphorus, and iron, as well as vitamins. The
yolk is an excellent source of vitamin A; it is an
excellent or a good source of vitamin D. In this
vitamin its value depends on the diet of the hen.
Eggs from flocks that get vitamin-rich diets are
especially rich in vitamins A and B. Eggs also
are a good source of riboflavin (vitamin G),
thiamin (vitamin B,), and a fair source of nico-
tinic acid. Because they contribute minerals,
vitamins, and proteins, eggs are a good food
for human beings of all ages.

Let us turn now to the reflection of these de-
velopments in poultry prices and incomes. Fifty
years ago prices in this country were very low for
all poultry products. Taking the period 1910-14
as 100 we find that the purchasing power of
chickens in exchange for other farm products was
only 80in 1879. Inrecent yearsithasbeen around
120. In the 50-year period the purchasing power
of chickens in comparison with other farm prod-
ucts has risen 50 percent. KEggs have not risen
so greatly in purchasing power. Eggs at whole-
sale in New York in 1938 were only 14 percent
higher than in 1888, while dressed fowl at whole-
sale were 64 percent higher in 1938 than in 1888.
This disparity results partly, of course, from the
fact that a modern hen produces more eggs.
There are other reasons too. Fifty years ago, for
example, the market fowl was much inferior to the
modern product. .

Chickens and eggs are making an increasingly
important contribution to farm income. In fact,
in 1938 poultry and eggs produced more gross
income in the United States than any other one
farm commodity except milk, cattle, and hogs.
Poultry and eggs produced nearly $1,000,000,000,
or about 12 percent of the total farm income.
This is surprising in view of the fact that poultry
is still largely a farm side line. Fifty years ago
the gross farm income from poultry and eggs
was only about 5 percent of the total. We may
contrast this showing with that of wheat. Fifty
years ago wheat provided about 12 percent of the
gross farm income. Now it returns only about
5 or 6 percent. ‘
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The rising place of poultry in the farm economy
reflects once more the difference between pro-
ducing for the domestic and producing for the
foreign market. Crops that we produce heavily
for export, with the exception of tobacco, are in
amuch worse relative price position than the crops
produced mainly for consumption in this country.

Fifty years ago our poultry produced about
nine dozen eggs annually for every man, woman,
and child in the United States. Today it pro-
duces about 22 dozen eggs annually per capita.
Commercial production in specialized breeds is
becoming more and more important. KEgg pro-
duction from this source will undoubtedly become
a still larger proportion of the total output. Our
commercial hatcheries in 1934 had an estimated
total capacity of 276,000,000 chicks, and their
capacity is considerably larger now. Sample
flock returns indicate that commercial flocks
produce about 19 percent more eggs per layer than
average farm flocks. Farm flocks, however, have
begun to improve in recent years. In 1938 the
average production per layer in farm flocks was
106 eggs as compared with only 90 in 1925.

Nowadays the progress of technology spreads
to more producers more rapidly than it did for-
merly. In the poultry industry it benefits the
small flock-owner, as well as the large producers
with large capital. Through the purchase of
well-bred baby chicks the small-flock owner can
improve his flock quickly and uniformly. He
can buy or build efficient poultry houses at low
cost. He can provide a balanced ration for his
birds, combined scientifically from the products
of his own farm, or developed from such products
with the addition of purchased vitamin concen-
trates. Improved marketing, perhapsin coopera-
tion with his neighbors, can bring to him the
advantages of low-cost, judicious distribution.
He can fit his poultry operations skillfully into the
rest of his farm work, in such a way as to diversify
his sources of income, utilize time and labor that
might otherwise go to waste, and add something
to the fertility of his land.

These advantages, along with the smaller over-
head costs that usually distinguish poultry rais-
ing on the farm from poultry raising in large
commercial plants on expensive land near large
cities, are at least a partial offset to the efficiency
of large-scale, highly mechanized and highly
commercial production. Moreover, the oppor-
tunity to supply nearby local markets, as well as
to improve the farm table, gives the farm flock a
place in the poultry economy from which it will
not easily be dislodged. There is an excellent
prospect that farm flocks and specialized com-
mercial poultry enterprises will become more and
more complementary rather than more and more
competitive, and that scientific principles and
methods will gradually permeate the entire
industry.

Here and in other countries the poultry industry
has complex economic problems. These prob-

lems differ more from one country to another than
do the technological problems; they arise from an
immense variety of social conditions. Standards
of living vary widely. Some countries produce
poultry and eggs for export. Other countries do
not satisfy their own requirements. Still other
countries simultaneously import and export
poultry products in large quantities. Nearly all
countries have one task in common; they must
raise the living standards of the poor. As I
have said, this is the true path toward a balanced
economy, and the path also toward increased
consumption of poultry and eggs.

One of the serious problems of the poultry
industry in this country has been the lack of
stability in prices and supplies of feeds and the
lack of stability in prices and supplies of poultry
and eggs. Excessively large feed supplies at
excessively low prices encouraged new producers
to go into the business and encouraged old pro-
ducers to increase their business. The great
droughts of 1934 and 1936 resulted in short feed
supplies and rapidly rising feed prices. Prices
for poultry and eggs did not keep pace with the
prices for feed.

Poultrymen would like to be able to plan ahead
both on the basis of prices they can expect to
receive for their products and on costs of pro-
ducing them. If they have no assurance of sta-
bility in feed supplies and prices and no assurance
of stability in production of poultry and eggs
the hazards of the business are extreme.

Here in the United States we are trying to
stabilize feed supplies and prices through the
national farm program. The Ever Normal
Granary which is a basic part of this program is
maintained through provisions for storing the
surpluses of years of good weather for use in years
of bad crop weather. Our experience as yet
has been limited. But we do know that we are
less likely to suffer from feed crop shortage. We
know that the commodity loans and the storage
of grain surpluses have stabilized prices and
evened out marketings. Adjustment of feed-
grain acreage, along with prudent storage against
years of drought, will lessen the speculative
hazard in the poultry industry. Future World’s
Poultry Congresses may record as much progress
toward the solution of this problem and the
problem of translating the abundant poultry
production that science makes possible into abun-
dance of these healthful foods in the diets of all as
the present Congress records toward the solu-
tion of problems in poultry breeding, feeding, and
care.

It is indeed a great pleasure to have appeared
before these representatives from 21 nations. As
aresult of our meeting here together during the
ensuing week I am sure the world will be a better
place to live in. I hope you will enjoy yourselves
and that you will carry much instruction home to
your native lands from these marvelous exhibits
and instructive scientific papers.
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POULTRY NUTRITION AND ITS CONTRIBUTION TO THE DEVELOPMENT OF .
THE WORLD’S POULTRY INDUSTRY

By Pror. Dr. Erxst MaNcorp, Institute for Animal Nuirition, University of Berlin,
Berlin, Germany

The subject which I have the honor to discuss
in this general assembly is a part of the general
question: Which are the factors that have con-
tributed to the enormous development of the
world’s poultry industry in the last 40 years?
And in discussing this subject, it is not so much to
express our satisfaction for the successes we have
attained up to the present time, as to gain a
position from which we may look back into the
past and, by learning from our experiences, to
begin a ncw continuous development for the
future.

Poultry husbandry began in a very primitive
and purely empirical way, the only method of
advancement being that of ‘‘trial and error,”
as the famous American physiologist Jennings has
called it in the lower organisms. And the first
decided progress, made by Charles Darwin, who
was working with pigeons on heredity, had its
origin in the redetection of the Mendelian laws
of inheritance at the beginning of our century.

Until that time, as Francis has pointed out,
poultry keeping was only a despised adjunct to
farming practice, and the farmer was convinced
that poultry keeping was not profitable except for
his wife. It was the Cinderella of stock farming
(Moskovits), and poultry were regarded merely as
scavengers or as a means of using inferior grains
produced on the farm (Halnan). Only the in-
creasing demand for eggs and table poultry and
the greater importation of those products caused
more attention to be paid to the possibilities of
a poultry industry and gave rise to its enormous
expansion in the following years.

But this progress would not have been possible
‘with the old traditional methods and with only
‘empirical knowledge of the production of eggs and
chickens. And so, beginning in those countries
where poultry husbandry first expanded into
larger industrial forms, we observe a very remark-
-able approach of practical poultry keeping to the
biological sciences. This relation has developed
in two ways: First, the application of scientific
knowledge in general biology to the problems of
poultry husbandry; and second, the beginning of a
poultry science based on the principles of biology
:and economics.

On the biological side the most important
sciences were those of genetics, physiology of
nutrition, and, in the medical line, pathology and
parasitology. It is my task to discuss poultry
nutrition and the influence of the science of nutri-
tion on poultry practice in the improvement of the
poultry industry.

1t is impossible to accomplish this in exact
figures and to draw an historical parallel numeri-
.cally between the science of nutrition and the

world’s poultry industry. For, as Brizi has
pointed out at the World’s Poultry Congress at
Rome, in many countries there are no precise
statistics on the poultry industry, and in general
there were none until the Great War.

So we cannot get an exact comparison from year
to year, as we can in other cases, e.g., on the in-
fluence of the nutrition of babies on their mor-
tality. But we can sketch the general lines on
which nutrition and its scientific investigation
have contributed to the development of the
poultry industry.

The first motive to induce the application of the
science of nutrition in this practical field must
have been the perception that the quantity and
quality of feeds are the most important factors
in producing a greater quantity and better
quality of poultry products, by keeping the birds
healthy, augmenting the egg-laying capacity,
accelerating the growth of chickens, shortening
the time required to reach maturity, and in-
creasing the weight during fattening, and because
of all this, increasing the profits of the farmer or
poultry keeper.

A further stimulus was the appearance and
development of the industrial feeds, which present
additional possibilities to the production of feeds
on the farms, but at the same time make neces-
sary a better and more extensive knowledge of
feeds, of their chemical composition, and of the
physiological significance of each nutrient for the
metabolism and energetics of the animal body.
It appears that the prophetic words of Wingfield
and Johnson in their poultry book of 1853 have
been realized:

Some knowledge of the various properties of
the different articles of food becomes essential,
wherever the best return is to be obtained at the
least outlay. A precise chemical analysis of such
effects, verified by experiments, is what we hope
we may S00n possess.

This was written at a time when the authors, on
reviewing several hundred volumes of agricultural
surveys, could find nothing about poultry keeping
other than the laconic confession: The profits
arising from poultry are too inconsiderable to
enter into the calculation of the farmer; and when
poultry fattening in England was effectuated on
the simple precept—Feed them on rice porridge
made with milk; it fattens and makes them white.

It was in the same year of 1853 that Dickson laid
down as a principle the impossibility of ascertain-
ing the best sort of feed without some knowledge
of the structure and functions of the organs of
digestion, in other words, of the physiology of the
animal digestion and metabolism. But still 20
years later Tegetmeier complained that the
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scientific principles of feeding were frequently
ignored and that poultry feeding was performed
only on empirical opinions. This slowness of
comprehension in regard to the art of poultry
keeping as an applied science had its causes partly
in the mutual dependence of practice and poultry
science; for only an enlarging commercial poultry
industry could be ready to take up the new results
of the science of nutrition. The resultingimprove-
ment in production would more than oblige poul-
try keepers to consult science about all questions
concerning the relations of feeding to a further
increase in the quantity and quality of the prod-
ucts; and so again the science of nutrition would
receive new motives for answering those questions
by the performing of new experiments in respect
to feeding and feed utilization.

Because practical men were forced to obtain
better knowledge of scientific results from poultry
researches, there developed a great body of ex-
tension work for the propagation of poultry
science, including nutrition, among those persons
engaged in the world’s poultry industry.

I feel it undesirable to confine my discussion
to an historical description of how poultry nutri-
tion and poultry industry were developed, for it
was at the World’s Poultry Congresses at Rome
and Leipzig that such historical information
about poultry keeping in the world at large was
presented by such famous representatives of the
different countries as Francis, Funkqvist, Ghigi,
Hannah, Huizinga, Podhradsky, Romer, and
others. I think my task is a more constructive
one when I give you something resembling a
program concerning the relations between the
science of poultry nutrition and practice as they
are now working and must work in the future,
for a further development of the world’s poultry
industry.

The most striking evidence of the indispensable
basic work of the science of nutrition for practical
poultry husbandry is given by those tables con-
taining data on feeds and feeding standards for
suitable rations. There is, first, the table of
poultry feeds with the percentages of the various
organic nutrients: Protein, fat, soluble carbo-
hydrates, and crude fiber, according to chemical
analyses. The older such a table is, the more it
loses its practical usefulness, since in the older
tables there are always missing some of the more
modern feeds which have been developed by
agriculture or prepared by industry. Even in
the well-known cereals, etc., the average contents
of nutrients are constantly being altered by agri-
cultural measures of breeding and fertilizing.
Still more it is to be remembered that every
science is constantly changing and developing,
so that the newer the chemical analyses are, the
better. It is a fact worthy of consideration that
due to agricultural chemistry and nutritional
science, new tables of feeds containing the most
recent figures of feeding values are constantly
being prepared.

Secondly, there is the tablé of digestion coef-

ficients, giving the percentages of digestibility
of the nutrients of the various feeding materials
for poultry. Here the only possibility of ob-
taining the correct figures are the digestion ex-
periments with poultry. The time has passed
when such tables consist chiefly of coefficients
from experiments with pigs, because of a want of
available data on poultry. Today, although most
feeds are tested only on chickens, these same
figures are used for the feed calculation for all
the different kinds of poultry. Since in the more
recent of our own experiments with pigeons we
obtained very different digestion coefficients from
those with hens, especially for the most impor-
tant nutrient, protein, it seems to be necessary
to do a great deal more experimental work to
obtain the correct figures for each of the various
species of poultry. And here it must be said that
many of the earlier digestion experiments with
hens were performed with methods that could not
stand scientific criticism so well as the exact
methods we have now.

Therefore, new tasks are always arising for
the science of poultry nutrition as basic work for
practical poultry feeding and feed calculation.

For the third sort of tables, giving the per-
centages of digestible nutrients in feeds, the
figures are computed from those of the raw feeding
materials and the digestion coefficients in the
former tables. In fact, the farmer is supplying
to his poultry the feed with all its digestible and
indigestible substances, the latter forming the
bulk with a physiological significance on diges-
tion only in a purely mechanical way. But for
the feed calculation for the various purposes of
production, it is not sufficient to calculate only
the total intake of feed with its content of water
and ballast, because it is only the digestible part
of the dry substance that is utilized in the metab-
olism of animals for their maintenance and their
products. So, for instance, if in the raising of
chickens the farmer wishes to compare the effect
of a new feed with that of an old approved one, it
may be of use to know whether the proteins of the
new feed are digestible to the same degree as
those of the old one. If, e.g., the protein of the
new feed is that of industrial feeds, dried with
high temperature, the digestibility of protein is
not so high as in common cereals or in fresh
gkim milk. Therefore, for all cases of exact feed
calculation the tables of digestible nutrients will
give him the right figures.

The three sorts of tables that I have mentioned
may be regarded as the most important contribu-
tions of poultry nutrition to the development of
the poultry industry. For this development would
have been impossible without this exact basic
work and without the use of the pencil in the hand
of the poultry farmer (Romer).

These tables have had a very slow development
because of their dependence on the progress of
chemical methods and of physiological experi-
ments. The first table of poultry feeds, it seems,
was that of Tegetmeier in 1855, giving the per-
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centages of fat, crude fiber, flesh-forming sub-
stance—as he called protein—and heat-producing
substance—by which he meant carbohydrates.
In this table, however, were tabulated only 10
different feeds. The first digestion coefficients
for poultry were published by Voéltz after experi-
ments with preternatural anus in 1909. Soon the
well-known tables of Kellner were applied to the
calculation of poultry feed and used in the numer-
ous editions of the poultry book of Diirigen and
others. But it was not until 1925 that Lehmann
began to publish his tables of digestible nutrients
of feeds corrected every year according to the
new analyses and trials in the Pfenningstorff
calendar for poultry keepers. In America, it
seems, it was Fraps who gave the analogous, but
independent tables, in 1928.

There are still other sorts of tables on poultry
nutrition, the origins of which are as old as those
tables mentioned earlier. It was the valuation
of feeds that had been recognized as very impor-
tant for poultry husbandry. As it seems, Wing-
field and Johnson were the first authors, who in
1853 published tables of a larger extent about
feed intake and costs according to feeding ex-
periments on poultry. At that time and for a
long time afterward, it was only because of the
desire of commercial interests for a more econom-
ical production of poultry that such feeding ex-
periments were performed, by comparing the total
intake of feed and the average daily labor and
costs of keeping the birds with the amount of pro-
duction either in the number and weight of eggs
or in growth of chickens. In recent times a great
contribution of the science of nutrition to practi-
cal poultry feeding has been made, since it has
shown that for the valuation of the feeds the
amount of total feed intake had to be shown in
terms of the individual feedstuffs, according to
their percentage of crude and digestible feeding
ingredients and to the protein relation, in order
to obtain the total amount of the organic nutrients
and especially of the protein needed for every 100
grams of egg substance or of gain in weight as
units of production. This is the method of the
feed-valuation figures developed by Lehmann
by means of nutrition experiments with various
species of poultry, and by which he has shown that
fattening is thus more economical with young
animals than with older ones.

The calculation of feeding values may be done
also in the reciprocal way, which is preferred by
American poultry scientists, the average gain per
gram of feed and of protein consumed being ob-
tained.

In general, we may adopt the method of Kri-
zenecky for distinguishing between the physiologi-
cal and economic values of feeds for poultry. We
know now that this latter method is based on the
exact performance of physiological feeding trials
as the only means of acquiring reliable figures on
the cost of producing a pound of gain or of eggs
in poultry.

As to the previously mentioned protein rela-
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tion, it is a well-known contribution of experi-
mental work that for every sort of production
at its optimum the ratio of protein to nonprotein
nutrients has a precise value. We know now that
these standard figures of the protein relation or of
the percentage of protein in the feed may not
be applied dogmatically. For great differences
exist among the proteins of various origins with
respect to their so-called biological value. Every
protein is constituted from a combination of some
27 different amino acids as the building stones of
the protein molecule. Now the utilization of the
digestible part of the protein for the maintenance
of metabolism of animals as well as for their
production, as shown by K. Thomas, is dependent
on the right combination in number and sort of
amino acids. Therefore, to obtain a high stand-
ard of production in the poultry industry we
cannot afford to dispense with some protein of
animal origin, because this is of greater biological
value than all proteins of plants. And it is a
very real task now for the science of nutrition to
determine the biological value of the protein of
all feeds for the purpose of giving these formulas
for the correct feed combinations for all kinds of
agricultural animals and all sorts of their produc-
tions.

As to poultry, this contribution of scientific
research to practical feeding is only in its begin-
ning, so that we may await further successes in
this line.

We may make the same prognosis in regard to
our knowledge of the mineral supply in poultry
feeds. This is a very difficult field, since every
mineral has its own significance for the physiologi-
cal functions of the body, and at the same time the
quantitative relations between the various min-
erals are extremely important in the metabolism
of the growing or high-producing animal. There-
fore, experimental science has still to do a great
deal of research concerning the mineral supply
for giving the fundamentals for practical feeding.
Even more urgent than our work along these lines
is our fight to overcome some superstitions, such
as Holst, Newlon, and Halnan have already dis-
credited about common salt, which was believed
to be poisonous for poultry. These researchers
found that salt is injurious only in concentrated
form, and for human beings as well, but in care-
fully regulated doses is to be recommended for
regular addition to poultry feeds.

The mineral supply is a very modern question
of nutrition, not only in consequence of the recent
development of our physiological knowledge of
mineral metabolism, but also because of new
experiences in the pathological field; for in recent
times every year brings forth a series of new cases
of diseases in animals that are believed to be
caused by deficiency of some minerals or by too
much of others. I must restrict myself here to
mentioning these very important connections and
to citing, as an example, the researches of K. W.
Franke of South Dakota on selenium poisoning
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of cattle and on the toxic effect of alkalied grain
for chickens.

But the close relationships of nutrition and
disease are by no means limited to the mineral
substances; for it is well known that all our knowl-
edge of the vitamins was inaugurated by the fa-
mous discovery of Eijkman that the beriberi or
polyneuritis of fowl and pigeons is caused by the
unbalanced feeding of polished rice. You know
that in America Hess and Weinstock and Hart
and Steenbock carried out their fundamental re-
searches on light and ultraviolet irradiation of
animals or of their feed as an antirachitic factor
in poultry, and that in connection with these
detections Windaus in Géttingen showed ergos-
terin to be the provitamin of vitamin D.

It is hardly possible to exaggerate the im-
portance and the practical consequences of such
scientific discoveries in the field of nutrition.
We must acknowledge with gratitude that espe-
cially the experimental work done on the preven-
tive or curative effect of vitamins on poultry has
given to all fields of the poultry industry, and
especially to intensive poultry keeping, such a
development and success in production as could
never be hoped to be attained in former times.

It is obvious that the influence, on the devel-
opment of the poultry industry, of all the single
fields of the science of nutrition, which we can

discuss here in only a very brief manner, could
not have been so successful without the simulta-
neous successful evolution of the other sciences
supplying poultry keeping with basic scientific
work; for the feed, as Filler has pointed out, is
only one part of the so-called environmental sur-
rounding conditions that may influence the health
and productivity of poultry. As the researches
of P. Hertwig in genetics have shown, the ability
of the hen to convert feed into egg substance is
bound to inherited faculties. Therefore, it is
one of the most important principles of poultry
breeding, as Vetter has accentuated, to use for
breeding only such animals as are able to utilize
their feed intake for an optimal quantity and
quality of products.

Therefore, there are many relations of poultry
nutrition to breeding and genetics, and likewise
to pathology and parasitology, as well as to eco-
nomics, and all investigations in these fields must
be united in one general poultry science as a basis
for a continuous improvement of poultry practice.
And, in closing, we may hope with confidence that
in the future poultry nutrition, side by side with
those other sciences, and in the mutual coworking
of scientific research and practical experiences,
will never cease to contribute to the development
of the world’s poultry industry.

CONTRIBUTIONS OF GENETICS TO THE WORLD’S POULTRY INDUSTRY

By Pror. R. C. PunNETT, Professor of Genetics, Cambridge University,
Cambridge, England

Less than 40 years ago a new science came into
being—a science which, as the years went on,
has become of more and more importance for our
comprehension of the world of life. Genetics,
as Bateson called it, owed its rise to the redis-
covery of Mendel’s long-forgotten work. That
classic little paper of forty-odd pages proved to
be the starting point of the vast series of re-
searches by hundreds of workers in every civilized
land which has so profoundly altered our ideas of
the living thing. Heredity before Mendel was
an article of faith embodied in such vague phrases
as ‘‘like begets like’” and “‘blood tells.”” Today
heredity is an exact science ranking with physics
and chemistry in precision of method and clarity
of conception. And so far as I can understand
the implications of physical science, I think we
are entitled to say that at present we know as
much of the gene as we do of the atom or the
electron. That the conquest of the latter should
have excited so much more interest is due largely
to the size of the canvas on which it has been
splashed. The one colors the finite universe;
the other, only a thin scum of protoplasm un-
evenly spread upon the little planet earth. Of
these two great conquests wrought by the human

mind, our concern today is with the glory of the
terrestrial. Mundane things claim us, for we
are of the earth—earthy. Genetics is what we
have before us, and our present business is to
appraise its value in the service of the ideals which
this congress has set up. What has the science
of genetics done for the poultry industry, what is
it doing, and what could it do?

In the first place, what has it done? It is more
than 35 years since I joined Bateson in his work.
He had already begun to breed hens, and I have
been breeding hens ever since. Looking back over
that period I confess to some feeling of disap-
pointment. In those early years things seemed
to be moving very fast. Comb characters, down
characters, plumage color and pattern, shank
color, skin color—all these things were submitted
to our analysis, and all ultimately yielded to it.
It must be remembered that at that time we were
breeding fowls merely because they offered con-
venient material for unravelling the problems of
heredity. We might equally well have been
using rats or grasshoppers. Nevertheless, small
points of interest to the practical breeder were
definitely elucidated. We were able to tell
him how to rid himself of unwanted recessive
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characters that threw suspicion on the purity of his
strain. We could tell the breeder of Wyandottes
how to get rid of those single combs or of the
occasional colored birds that cropped up among
his whites. We could tell the breeder of Sussex
how to get rid of those troublesome yellow legs;
and there were many other such minor problems
in which we could have helped. No one, of course,
asked us, and it was not for scientific cranks like
ourselves to teach expert breeders their business.
When we met them they were always very kind
to us, freely discussing various points, though 1
think many of them would have been surprised
at the conclusions we drew from what they had
told us. But friendly as relations were, we were
completely out of touch, and we realized that
until the breeder had mastered the elements of
Mendelism, viewing his birds as we viewed them,
we could be of little help even if we desired it.
Meanwhile we were very busy with our experi-
ments, and before Bateson moved from Cambridge
in 1909 the principle of sex-linkage had been
discovered, though a decade was to pass before
there was any suggestion of its practical appli-
cation.

So far, we had been working with simple visible
characters, external structure, color, and the like,
and we had satisfied ourselves that their heredity
fitted in with the Mendelian scheme. At that time
there were critics who suggested that, although
some characters might exhibit simple alternative
inheritance, there were others which were not
amenable to such a scheme. Such, they claimed,
were characters of the ‘““more or less’” variety,
showing an apparently continuous grading from
one extreme to the other. They considered this
so-called “‘blending inheritance’” to be essentially
different from the clear-cut Mendelian type.
Consequently when, in 1910, I began afresh by
myself, I decided to test the matter experi-
mentally, choosing as materials for investigation
egg color and size of bird. As most of you know,
if one crosses a heavy breed with a light one, the
resulting birds are intermediate in size; and if one
breeds these together there is nothing resembling
typical Mendelian segregation in the next gener-
ation, but one obtains a series of birds ranging
from light to heavy in an apparently continuous
series—in fact, typical so-called blending inheri-
tance. In the case of a cross between brown and
white egg breeds also one comes across a similar
phenomenon. In these rather laborious experi-
ments [ was helped by the late P. G. Bailey, and
we proved, to our own satisfaction at any rate,
that these typical cases of blending inheritance
could be simply interpreted on the Mendelian
scheme in terms of several, though few, Mendelian
factors. These experiments served to confirm the
conclusion at which we had already arrived, viz,
that there was only one kind of heredity which was
dependent on the transmission of definite factors,
or, as they are now called, genes. Blending
inheritance was merely a special case in which a
measurable character depended, for its expression,

on a number of genes, any of which might or might
not be present.

I need hardly say that this conclusion was not
reached through work on poultry alone. A large
body of facts, drawn mainly from experiments
with plants, already pointed the same way.
Nevertheless, I think the hen is entitled to some
credit since, with the exception of Arnold Lang’s
interpretation of ear length in rabbits, she pro-
vided the earliest examples reconciling blending
with Mendelian heredity.

The period with which I have been dealing
brings us up to the end of the Great War, and in
England at any rate the geneticist and the practi-
cal breeder were quite apart, pursuing their ends
with little or no thought of the other. The con-
tact between them was first made on the American
side of the Atlantic, where the vast economic im-
portance of poultry was earlier realized, and I
am inclined to think that it was Raymond Pearl’s
work at the Maine Agricultural Experiment Sta-
tion which first led to a recognition of the geneti-
cist on the part of the industry. Pearl attacked
the problem of laying capacity, a problem of
vital interest to all poultry keepers, big or small.
His claim to have discovered a sex-linked gene
affecting egg yield interested all, and although
that claim has not been substantiated by later
work on hoth sides of the Atlantic, to Pearl should
go the credit for having made the first effective
contact between the science of genetics and the
industry. This contact was shortly to be ce-
mented by an opportune happening in England.
During the course of our work in Cambridge, we
had paid attention to the down color of our chicks
and had noticed, among other things, the dif-
ferences between those that later developed silver
and those that developed gold plumage, and also
between those that developed black and those that
developed barred plumage. In fact, we were
already making use of sex-linkage in our experi-
mental work before the war, though it never oc-
curred to us that it might be of economic value.
The suggestion came to me only when going
through some correspondence at the Food Pro-
duction Department toward the end of the war,
and when the International Poultry Congress
met in London in 1919 I tried to interest the
assembled breeders in the matter. The seed so
scattered fell for the most part on stony ground,
but fortunately one or two breeders had faith,
and the success that attended their efforts soon
banished any lingering incredulity. The breeder
sat up, for the geneticist had at last accomplished
something worth while, something which mark-
edly affected the outlook and welfare of the in-
dustry. Henceforward he was to be taken
seriously for out of his work might at any time
come something with a material bearing on the
breeder’s prosperity.

This I take to be the chief thing that the science
of genetics has accomplished for the industry
directly. Sex-linkage is of course of some practi-
cal importance, but I regard it as a minor thing in
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comparison with the change wrought in the
breeder’s outlook. Gone are the days when the
scientist was looked upon as a harmless crank,
when the experimental method was regarded as
a futile pursuit unworthy of the serious atten-
tion of the practical man. The breeder now real-
izes that genetics can help him to solve his prob-
lems, and the geneticist, assured of the good will
of the practical man, is more willing to learn the
nature of those problems and to direct his activi-
ties into lines which may be helpful. The contact
originally established by Pearl has strengthened
into a permanent bond. The practical man and
the scientist have got together, and this I consider
the most important thing that genetics has so far
accomplished for the industry.

We may now turn to the question of what genet-
ics is doing today in furtherance of the industry’s
interests. And here I am at a great disadvantage,
for I am unable to speak at first hand of all the
work going on herein America. That the genet-
icist is busy, very busy, with all sorts of prob-
lems affecting the practical conduct of the in-
dustry I know very well from the numerous
bulletins that reach me from your experiment
stations, the largest and best equipped in the
world. You are attacking the problems of
fecundity, of fertility, and of mortality, both
in the shell and in later life, and I feel confident
that sooner or later there will emerge results
commensurate with the high endeavor—results
which will place in the debt of your geneticists
poultry keepers all over the world. Compared
with all this, we in England are doing little. The
resources of our poultry geneticists are very small
compared with yours, though I am glad to say
there is good prospect of their becoming more ade-
quate in the near future. Perhaps, however, I
may be allowed to say a few words on what is at
present the most striking line of research going
on among us, because, so far as I know, it is at
present peculiar to our side of the Atlantic. This
is the work involved in building up what we have
termed ‘‘autosexing’’ breeds, and it is the out-
come of certain peculiarities in the action of the
well known ‘‘barred”’ gene. Barring, as every-
body knows today, is a dominant sex-linked gene,
so that when a barred hen, such as a Plymouth
Rock, is mated to a cock of a black breed the
cockerels are all barred and the pullets are all
black. And since there is a difference in the
downs of barred and black chicks, the sexes can
be readily separated at hatching. It is one of the
commonest of sex-linked crosses, and doubtless
many of those present have put it into practice.
Since barring is sex-linked, it follows that in pure
Plymouth Rocks the male is always homozygous
and the female heterozygous for the barred gene.
In pure Plymouth Rocks all chicks show the
barred type of down, but it is not possible to
separate with certainty the heterozygous from
the homozygous ones, i.e., the females from the
males. This is because the single dose of the
gene in female chicks produces almost the same

effect on a black down as does the double-dose
characteristic for the males. With a brown, how-
ever, the effect is different. A double dose of the
barred gene produces a much more marked effect
than does a single dose. By associating the
barred gene with a brown down we obtain a breed
in which the cocks are homozygous and the hens
heterozygous for the gene. And since, owing to
their double dose of the barred gene, the former
are always lighter in down color than the latter,
we have a pure breed in which the sexes can be
distinguished with certainty at hatching. The
first such autosexing breed made by Mr. Pease
and myself was founded on the Campine, being in
fact a Campine plus the barring gene. We called
it the Combar, and under this name it is a recog-
nized breed in England. At the same time we
pointed out that the method could be applied to
any breed with a brown down, and more recently
both Dr. Hagedoorn in Holland and we ourselves
in England have introduced the barring gene into
the Brown Leghorn and so produced the Legbar.
Recent experiments by Mr. Pease suggest that
the principle can also be applied to paler types of
down, such as buff, thus opening up the possibility
of producing a great range of such autosexing
breeds. Inthisway it is possible to dispense with
the Chinese method of chick sexing, a method
which is not only an additional source of expense
to the breeder, but also one which in unskilled
hands often results in loss through damage to the
fragile newly hatched chick. Such breeds also
have the advantage that the hens may be used
for sex-linkage by the ordinary method of
crossing.

This is all I need to say about the present, for
in a congress of this sort you will hear of all that
is going on from other lips than mine. There lies
before me now the future of genetic research in
connection with poultry breeding. On this sub-
ject probably no two of us here think exactly
alike. Therefore, before I inflict upon you my
own ideas it may be as well to try to state the
frame of mind in which I am led to approach the
matter. And I do not think I can make this
clearer than by quoting and emending a sentence
from a seventeenth century philosopher. ¢“All
that Man knows,”’” wrote John Locke, ‘“‘or ever
will know, is by Observation and Reflection.”
Now the life of Locke overlapped that of Harvey,
founder of the experimental method in biology,
and in the times in which our philosopher flour-
ished the new method had hardly begun to bear
fruit. Had Locke lived a little later we may feel
sure he would have accepted the addition of the
word ‘‘experiment’’ to his dictum. If we do so
we have the creed of the geneticist in common with
that of all other men of science. In so far as
observation is concerned the practical breeder
can greatly help. Faithful observation faith-
fully recorded by an unbiased mind may often
be of great assistance in devising experiments to
solve a problem. But the breeder must not ex-
pect to solve his problems by observation alone,
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however extensive. It may be that on occasion
he will do so, but in such a case we can only
account him very, very fortunate. Today I
think that most of us agree that observation and
reflection must be accompanied by experiment,
and that is what I wish to stress. The experi-
mental part of the acquisition of knowledge must
be left to the trained geneticist. For the devising
of a crucial experiment is not a matter to be lightly
undertaken. Somebody once said that Nature
will always give you a clear answer provided you
put to her the right question. Therein lies the
core of the matter, the decision as to what con-
stitutes the right question. ‘“Well begun is half
done,” says the old proverb, and he who formu-
lates his question rightly has already got half
way to the answer. To do this requires not only
the gift of imagination but also a mind that has
ranged far and wide. It is not enough for the
poultry geneticist to be skilled only in the genetics
of poultry. The wider his range over the whole
field of genetics, plants as well as animals, the
more likely he is to formulate his questions in
the right way. I can never forget that, in days
long since, the clue to discovery of sex-linkage
came from certain experiments with sweet peas,
or that the conception of multiple factors which
brought blending inheritance into line with
Mendelism was provided by Nilsson-Ehle’s work
on wheat. He who formulates our poultry
problems today must have an adequate knowledge
of physiology, and above all of that branch of it
which concerns itself with hormones. For it is
certain that these hormones are going to play a
very important part in connection with our
poultry problems. Fancifully we may liken them
to the various oils adapted to different kinds of
machinery. The delicate gene mechanism re-
volves smoothly with one oil, with another it
clogs. One should never anoint the clock with
linseed oil if one wishes to keep appointments.
To what extent the production of these hormones
is referable to the gene, or to what extent it is an
extrinsic process, is beyond us at present to state
with certainty. Their nature and manner of
production in the body constitute a fascinating
problem of which the solution is bound to be of
very great importance to the breeder of poultry.
For the production of the right kind of hormone
and the right amount of it, infinitesimal though
this often is, may make all the difference between
a good bird and a bad one.

To return now to the future of the genetic re-
search in connection with poultry. This I feel
to fall into two categories—a higher and a lower.
The former consists in the formulation of problems
concerning matters where our ignorance is deep,
where contradictions abound, and precision is
only conspicuous by its absence. Such matters
are those of vitality, of fecundity, and of fertility,
as well as all such as are included under the term
“stamina.”’” Today we can express none of these
things in terms of genes, yet that is what we must
be able to do if we desire to control them. That

is our immediate problem—to express these
elusive things in terms of the gene. That itcan
be done I feel confident. Those who may have
doubts need only turn to the story of the little
fruitfly Drosophila. When the geneticist first
turned his attention to it some 30 years ago, it
offered a virgin field for research. Through the
work of T. H. Morgan and his colleagues first of
all, and then through that of many others, we have
come to know far more of this little creature than
of any other living thing. Almost infinite as are
the variations of Drosophila, their analysis in
terms of the gene has brought them under the
control of the geneticist. He has shown that the
genes of living things are in a sense comparable to
the molecules and atoms of the chemist. Give
the chemist an unknown substance and he will
first analyze it to discover the manner in which
its molecules are built up. And then he can pro-
ceed to synthesize it, perhaps from substances
altogether different. So with the living thing.
First it must be analyzed into its component genes.
This gives the measure of its potentialities, and
after that the process of synthesis, of arranging
the genes to give the type that is wanted, is a
relatively simple process. Nowhere, as I have
already said, has this process of analysis pro-
ceeded so far as in Drosophila. But it is actively
proceeding in many plants, and hosts of new and
valuable varieties are already the outcome. More-
over, there is another aspect of the adequate
analysis which is increasing in importance. By
X-rays and other methods it has been found
possible to alter the composition of the gene.
Novelties result, all of interest, and some of pos-
sible value to mankind. Such work, however,
to be fruitful demands the use of material of
known genetic composition. But I need do no
more than hint at such possibilities, since it is
the hen with which we are concerned. And the
genetic analysis of the hen has as yet hardly
begun. It will be a long and arduous business,
but unless it is undertaken and faithfully carried
through you may as well eliminate genetics from
these congresses in the future. Its success will
depend on those whom you select to put to Nature
the appropriate questions. The history of scien-
tific research shows that such men are few. But
everything depends ultimately on them. For
the purpose we are discussing, one single first-
rate brain is worth hundreds of second-grade ones.
Very rare are those who can so put the question
to Nature as to force from her a clear and un-
equivocal answer. Therefore I would urge those
who control the finances of research to seize at
all costs any that are available. The initial ex-
pense may be greater, but in the end it will be
far less for what is accomplished because of their
immensely greater penetrating power. Nor is
it for me or anybody else to suggest their line of
research. If you feel that you have the right
man you must give him his head and trust him,
realizing that mentally he is a born rebel. Don’t
bother him with committees and reports and
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programs of research. You want discovery, and
discoveries are not obtained in that way. Dis-
covery is a gamble, and you can no more organize
it than you can organize poetry or painting. If
you try to do so you will surely end by killing
it.

So much then for what I have termed the higher
category of research. 1 admit that it is beyond
the great majority of us, and it is with some relief
that I feel that there is plenty yet for us to do in
what I have called the lower category. By this
I mean the working out of the discoveries of
others, of those few who have already put suc-
cessful questions to Nature. Though not a great
deal, we do know something of the genetics of the
hen, and there is much yet to be learned along
straightforward orthodox lines. There are plenty
of characters, simple visible ones, such as color
and pattern of plumage, which have yet to be
analyzed and translated into terms of the gene.
And we know very little yet of the linkage rela-
tions among most of the characters that have
already been analyzed. It is not exciting work,
but it is work that must be done, and work that
any competent geneticist can undertake. By
simply following methods already laid down he
can add materially to that genetic analysis of the
hen which is our first essential. Moreover, there
is always the chance of hitting upon a bit of knowl-
edge that may open the way to more profound in-
vestigation if he keeps his eye open to indications
of linkage phenomena. For instance, it is of
great importance for us to understand the nature
of fecundity, the genetic basis that underlies egg
yield. This is one of those troublesome quanti-
tative things that are so difficult to analyze.
That it depends upon a number of genes is pretty
certain. But how many there are, and what may
be the separate effect of each, we can at present
only surmise. Nor shall we know until we are in
a position to isolate them and to test their effects
on the bird, one by one. If, however, wefound
that in the F; generation of a particular cross a
certain color or pattern tended to be linked with
a definitely higher fecundity we should have be-
gun to solve our problem. For by establishing
such a linkage relation we should be in a position
to isolate that particular fecundity factor and
to study the individual effects of one member of
our fecundity complex.

And here I would digress for a moment to con-
sider a criticism that is sometimes launched at
the geneticist by the so-called practical man.
For what, he asks, is the good of studying all
these trivial features—the detail of a comb, a
spot on the head, or the pattern of a feather—
when all the while the really important problems,
such as the hereditary basis of fecundity, are left
untackled? Why should not the geneticist devote
his resources to these essential things instead of
worrying about features that do not really matter?
To which I would answer that this careful in-
vestigation of seemingly trivial things isreally of

the first importance. In the present state of
our knowledge 1 see no more promising way of
understanding the nature of such characters as
fecundity or stamina than is afforded by the
method of linkage. And to apply this with hope
of success we must have an accurate knowledge of
the inheritance of every visible character that
can be dealt with. For this knowledge of the
visible is the essential tool for the coming attack
on the invisible. The more complete it is the
more hopeful is our prospect for the coming at-
tack. Therefore I would ask the practical man
to have patience with the geneticist even though
the efforts of the latter may at times appear to
him to be ill-directed.

I admit that the fowl is not a favorable object
for the study of linkage phenomena. Its chromo-
somes are too numerous, and most of them too
small, whereas for the fruitful study of linkage,
they should be relatively large and few. It is
conceivable, however, that help may come from
another quarter. X-rays have curious effects on
chromosomes, sundering them at times and at
others causing them to coalesce. If we could
cause the thirty-odd small chromosomes of the
fowl to coalesce into half a dozen larger ones, the
study of linkage phenomena would be immensely
aided. This is pure speculation, perhaps fantas-
tic, for I have no idea whether it can be done.
Still, if you meet a man irradiating the testes of
a cock do not set him down as necessarily a crank.
Keep a sympathetic eye on his work, for if he
succeeds in bringing about a workable coales-
cence of the chromosomes he may well have
wrought the industry a fundamental service.

In conclusion, may I touch briefly on another
aspect of genetics—an aspect which concerns not
so much the hen herself as the folk who cultivate
her. The economic side of a great industry we
all know to be of prime importance. But it is not
everything. Man does not live by eggs alone.
Unless he can take an intelligent interest in his
work, that work degenerates into drudgery. It
is here, in my opinion, that genetics can render
its highest service. We live in a world at the
mercy of advertisement and propaganda. To
defend ourselves we have but one weapon—
ascertained truth. It is with that weapon that
genetics provides us. And when Ispeak of genet-
ics I do not mean merely the corpus of facts set
out in journals and textbooks. I am thinking
more of the attitude of mind that has led to its
accumulation—of the critical spirit that takes
nothing on trust but is forever sifting and test-
ing, separating the false from the true. If only
for the sake of appreciating that spirit the story
of genetics is worth following by all. Nor is there
excuse on the ground of difficulty for it has been
ably told by many writers. Moreover, he who
masters that story will find something even more
attractive —something for which, in one form or
another, the world incessantly craves to color
the drab of existence—I mean Romance.
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WORLD-WIDE SIGNIFICANCE OF POULTRY DISEASES AND THEIR CONTROL
By Pror. Dr. H. C. L. E. Bercer, The Hague, Netherlands

The times when poultry keeping was regarded
by farmers as a side line, as something of second-
ary importance in farming, are long past. In
those times poultry breeding was not the result of
purposeful selection, of special direction of breed-
ing. On the contrary, in general, mongrel
poultry were kept, these being called ‘‘the
farmer’s hens.” Not the least thought was
given to the promotion of laying; neither was any
attention paid to feeding or to hygiene. Nor was
it necessary. The fowls produced eggs for the
needs of the keepers and also as an article of
commerce in the immediate vicinity, at the very
most for the local market; they lived in close
contact with their own surroundings, factors
which made them strong and hardy. Gradually
conditions became different, and a parallel might
be drawn with the development of the breeding
of our agricultural domestic animals. In this
branch there had long been progress in the purity
of the breeds and in increased production,
combined with increased stamina by breeding
methods, selection, rational feeding, and mainte-
nance. This has also been the case in regard to
poultry breeding of late years, a fact which has
resulted in a great increase in the number of fowls
and their products, primarily eggs both for
consumption and hatching and secondarily, meat.

It is a known fact that especially in times of
depression in the past and even, to a certain ex-
tent, at present, poultry husbandry as part of
the farming industry has kept the latter going.

The great significance of poultry keeping now-
adays is clearly illustrated by a few figures and
statements. Dr. Cernaianu showed that the
commercial value of poultry production in Bel-
gium is greater than that of its metal industry;
in the United States of North America the value
of poultry products is 1% billion dollars, which
exceeds that of cattle by 200 million dollars and
that of the corn crop by 300 million.

The importance of poultry keeping is also dem-
onstrated by the exports of live and killed birds
and of eggs. Germany, for instance, in the
years 1937 and 1938, exported on an average about
32,000 tons of eggs, 1,450,000 live fowls, and
1,200 tons of killed poultry annually. Great
Britian exported about 46,000 tons of eggs and
960 tons of killed poultry. In 1938 the Nether-
lands exported 1,150 million eggs. The value of
the exports of eggs and egg products amounted
to 40 million guilders and that of the exported
poultry, 3.3 million guilders. Denmark annually
exports more than 40,000 tons of poultry. In
1931 Rumania exported 2,300,000 live birds and
5,250,000 kilos of meat.

From these few random data one gains an idea
of the exceedingly large numbers of fowls kept.

Is it surprising that endeavors are made to keep
the birds as healthy as possible with a view to

their production, and that every efiort is made
to prevent mortality as much as possible?

The subject of poultry diseases is of great
interest to State authorities and it also appears on
the agenda of congresses, both those dealing with
purely scientific subjects and those dealing with
marketing in addition to disease. Also at the
World’s Poultry Congresses great attention has
been devoted to the subject of diseases. There is
a large attendance at the discussions of this
subject and also at the general meetings where
main reports are presented. And it is necessary.
We know how closely the profitability of the
industry is connected with disease and mortality,
and we also know that the mortality has been
increasing of late years in various countries,
which fact is evidenced, inter alia, in the reports
on the egg-laying tests. We need only to glance
through the numerous digests from the Inter-
national Review of Poultry Science of last year
to see how high the mortality is in some countries,
whereas in other countries it has remained within
the normal limits.

As to the magnitude of the mortality I shall
refer exclusively to the International Review,
which shows that in the years of 1935-38 the mor-
tality in the countries mentioned varied from
6.60 to 23.4 percent. Important reports on
mortality appear in the Review.

It is not my intention to discuss here the causes
of the increased mortality in detail, nor the
diseases separately—this is done in the section
concerning disease and hygiene. I need only to
mention here the general lines which may lead
to improvement in the combating of disease.

Before all, I consider a sound knowledge of the
feeding hygiene necessary, for the acquiring of
which continuous scientific investigations are
essential; but in addition it is necessary to bring
the knowledge acquired to the attention of the
breeders and keepers of poultry and to the in-
dustry as a whole. As a matter of fact, a rational
method of feedingis a preventive against numer-
ous infectious diseases. In general, the large
concerns employ persons who devote their time
especially to hygiene, but in many small busi-
nesses there is much to be desired in this respect.
Irrational feeding, in addition to striving to make
the birds true egg-laying machines, is ruinous.
As a matter of fact, with highly increased egg
production the ovary becomes overworked, as
a result of its intensive functioning. Such
fowls, because of the strain on their vital func-
tions, and resources, are consequently particularly
predisposed to all sorts of infections and parasitic
diseases. And frequently one will combat these
diseases in vain if he tries to remove only the
specific causes of the diseases and fails to elimi-
nate the provocative causes.

As principal causes of mortality in many
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countries, coccidiosis—acute and chronic—paraly-
sis, tuberculosis, pullorum disease, and paraty-
phoid may be mentioned.

With various diseases problems of great im-
portance occur, involving the health of man as
well asfowl. International cooperation of experts
in this field is highly desirable. Although some
investigators assume that a virus is the cause of
paralysis, or neurolymphomatosis gallinarum,
further study of the cause of the disease is ad-
visable. In this connection attention might be
paid to a possible connection with avitaminosis
and leukemia.

Of late, paratyphoid has received special atten-
tion in the interest of public health, as a result of
which in various countries measures are being
taken in regard to the consumption of duck eggs.
The effect of accurate methods of distinguishing
carriers of germs, as well as the connection with
paratyphoid in agricultural domestic animals,
should be further investigated. As regards
tuberculosis, more and more attention is being
paid to the danger of infection for man and fowl.

In my report for the Sixth World’s Poultry Con-
gress I showed the task of the State Veterinary
Services in various countries in regard to com-
bating infectious poultry diseases and came to
the conclusion, from an investigation in 28 coun-
tries, that the legislative control measures related
in the first place to two diseases, cholera and fowl
pest; that, however, in 22 countries other diseases
are also being combated by the veterinary sani-
tary police; that practically the same measures
are being used everywhere and that their basis is
the compulsory notification of cases of disease.
Further, I pointed out that practically all coun-
tries are trying to prevent the ingress of infectious
poultry diseases by more or less strict legislative
regulations governing the importation of live
and killed poultry and of eggs.

Recently a special veterinary committee, of
which I was a member, met under the auspices of
the League of Nations and gave directions in this
matter. I pointed out that in addition to the
legislative compulsory control measures, there is
also voluntary control, carried out by organiza-
tions in the poultry industry but supported and
advised by the State Veterinary Service. In-
fectious diseases such as tuberculosis, para-
tuberculosis, mastitis, and abortion of agricul-
tural domestic animals, which in some countries
are not combated by the State by means of
statutory regulations, are combated voluntarily
by the related organizations, which have estab-
lished so-called sanitary services for cattle in the
various provinces. The State Veterinary Service
cooperates in this work.

I cannot help thinking that a similar procedure
might be followed in many countries where
organizations of a high standard exist. Sanitary
services for poultry might be established there—
these already exist in a few countries—by means
of which the combating of diseases may be cen-
tralized. The State Veterinary Service will have

to lend its cooperation and support, an indis-
pensable factor of which is the continual
instructing of the poultry keepers. An impor-
tant part of the instruction must be the hygiene
and the care of the poultry. )

In a good sanitary service the veterinary sur-
geon must, of course, play an important role.
There are also required official veterinary labora-
tories, which examine sick and dead poultry free
of charge, investigate and establish the nature
of the disease, and prepare and supply serums,
vaccines, and diagnostic agents. It must be
borne in mind that the epizootology of poultry
diseases are different in various countries, and
even in the same country on various poultry
farms, according to the hygienic conditions and
management practices.

I repeat that with too intense production, in
addition to the lack of hygienic measures in
breeding, a favorable field exists for the develop-
ment of disease-causing lower organisms. In
case a disease breaks out at a poultry farm where
such conditions prevail, the usual control meas-
ures will not yield satisfactory results. With
physiologically exhausted fowls, an immunity
obtained by vaccinations is only superficial and
such immunity will generally fail to withstand an
attack of the respective disease germs, whereas
similar measures at poultry farms where atten-
tion is given to hygiene, where overproduction
is avoided, and where proper feeding and man-
agement are practiced, will have the desired
effect. Probably no branch of animal husbandry
is so greatly affected by hygiene as the breeding
and keeping of poultry. The words of Prof.
Dr. Leclainche, director of the International
Office, that ‘1’élevage se confond avec I’hygiéne’”’
depict in a striking way the position of the poultry
keeping.

Just as in the control of infectious diseases of
the agricultural domestic animals, namely, by
international cooperation, so should it be with
poultry diseases. The experts must have per-
manent international contact. For this purpose,
besides the World’s Poultry Science Association,
the International Office for Contagious Diseases of
Animals is particularly suitable. In my report
already mentioned for your Congress in Leipzig
in 1936, I explained the purpose and procedure of
this world organization and mentioned the various
subjects in the field of infectious poultry diseases
and their combating which were dealt with there.
In order to obtain the best results from this
international veterinary institution, it is essen-
tial that the largest possible number of countries
be members. At the present time 44 countries
are official participants. In Europe, these
countries include Albania, Belgium, Bulgaria,
Cyprus, Czechoslovakia, Denmark, Germany,
Finland, France, Great Britain, Greece, Hungary,
Ireland, Italy, Lithuania, Luxembourg, Monaco,
The Netherlands, Poland, Portugal, Rumania,
Russia, Spain, Sweden, Switzerland, Turkey,
and Yugoslavia. Countries outside Europe are
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French West Africa, Union of South Africa,
Algeria, the Argentine, Australia, Egypt, India,
Indo-China, Iraq, Japan, Madagascar, Morocco,
New Zealand, Palestine, Siam, Tunis, and Uru-
guay.

From this summary one sees a world organiza-
tion in which the animal disease control activities
of the various countries are united on a legal
basis. And yet a few large countries are lacking,
countries of a high standard of civilization, of
high scientific development, also in the veteri-
nary field; countries which are needed greatly in
the great organization and which could do such
an infinitely large amount of good by their official
international cooperation.

As this international veterinary institution is
of such great importance for the universal control
of infectious animal diseases, and thus also for
that of poultry diseases, I should like to elaborate
somewhat on it.

The various countries have legislative regula-
tions for the control of infectious cattle diseases.
For years, however, these countries have not had
any contact with one another in the matter.
Neighboring countries did at times consult one
another; were on their guard when there was a
very infectious cattle disease of somewhat threat-
ening aspect in the adjoining country, but yet
there was no concerted cooperation. Further-
more, it was not known what diseases existed in
the various countries or to what extent they pre-
vailed, a condition which could constitute a great
danger in view of the exports from the infected
countries.

It has long been believed by the leaders of the
State Veterinary Services of many countries that
more mutual consultation as regards the control
of infectious cattle diseases—especially as a result
of the increasing international commerce involv-
ing export and import of animals and products of
animal origin—is not only desirable but even
essential; but this has not been carried out as
completely as might be desired, owing partly to
numerous factors beyond the control of these
leaders. Itisonly necessary for something alarm-
ing to take place to cause action to be taken.

The event which was to be the direct cause of
the coordinating action of various States was the
following.

In August 1920 the greatly feared cattle plague
was introduced into Belgium by Zebu cattle from
India, which were destined for Brazil and which
called at the port of Antwerp. This entirely un-
expected, unprovided-for experience caused a
commotion throughout Europe, due to the serious-
ness of the threatened danger. It also demon-
strated that there is actually a close solidarity
among all countries in respect to the danger of
infection; that it is imperative to check the infec-
tive areas of diseases throughout the world and to
make a joint study of their mode of spread and
their control. This impulse was felt particu-
larly in France. The Indian Zebu cattle had fre-
quently been transported via Marseilles.

Prof. Leclainche, director of the Veterinary
Services, was instructed by the French Govern-
ment to organize an international meeting, which
was held in Paris on May 25, 1921, and at which
43 countries of the Old and New World were
represented.

The agenda of the meeting comprised the ar-
ranging for an annual conference for the study of
epizootic diseases and their control and, the estab-
lishing of the international permanent office to
centralize the information about the occurrence
and spread of epizootics, to collect the documents
relating to their study and to promote the respec-
tive research, to collect the results of the various
control methods, and to study the matters which
would be put on the agenda of the annual
meetings.

The conference undertook the study of three
diseases of an immediately threatening character:
Cattle plague, foot-and-mouth disease, and
dourine, and compiled a series of recommenda-
tions and suggestions. Resolutions were also
passed regarding the method of publication of the
veterinary health bulletins and regarding the com-
pulsory health certificates for the export of ani-
mals and of products of animal origin.

Although entirely approving the suggestions of
the French Government, the members of the con-
ference expressed the wish that an ‘“‘Office Inter-
national’’ should be established for the control of
infectious diseases, that the participating coun-
tries should appoint delegates, and that a per-
manent office in Paris should be established.

International regulations were drawn up, which
specified the objects of the office and also the
rights and obligations of the participating coun-
tries. By-laws were drawn up which explained
the organization of the permanent office and its
activities. The regulations were published on
January 25, 1924, on which date 28 countries had
ratified the convention. Since then, the number
of participating countries has increased to 44.

The institute does not have the power to inter-
fere in the laws of the various countries. How-
ever, it is entirely independent of the government
of the country in which it has its registered office.

The governments notify the office in respect to
measures taken by them for the control of infec-
tious cattle diseases, particularly those measures
to prevent the ingress of such diseases from other
countries; they also furnish the office with any
desired information.

The delegates constitute the committee; they
elect a chairman and vice chairman for 3 years.
At the first meeting in 1927 a director, Prof. Dr.
Leclainche, was appointed. This meeting also
fixed a tabulation of the occurrence of infectious
diseases in the participating countries; it also
decided on the diseases which should be incor-
porated in the tabulation.

A brief summary of the activities of the com-
mittee will give an insight into their extensiveness
and their importance. For instance, in the 13
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sessions from 1927 until this year, the following
subjects have been dealt with:

Foot and mouth disease. Reports and discus-
sions, as well as conclusions regarding biological
control, serum, vaccination, plurality of the virus,
resistance inside and outside the organism, culti-
vation of the virus, the course of the disease in the
various countries, secret remedies.

Anthrax. Propagation by industries.
Swine fever. Diagnosis, vaccination, and
results.

Tuberculosis. Preventive inoculation (B.C.G.),
combating methods in various countries, syn-
thetic tuberculin.

Infectious anemia in the agricultural domestic
animals, particularly the solipeds.

Brucellosis. Etiology and control, control
methods in practice, standardization of agglutina-
tion methods, fixing of titer for the diagnosis,
transmission of the disease in the various kinds of
animals and in man.

Rabies. Prevention and control, vaccinations.

Ostioc dystrophia of animals, disease of
Aujeszky, helminthoses, and strongylidoses, tular-
emia, abortion, etc.

General subjects, such as carriers of germs,
marking of animals from the point of view of
veterinary sanitary police, modern technique of
disinfection, treatment of cadavers and products
of animal origin with a view to the control of
infectious diseases and drafting of regulations,
regulation of disposal of cadavers and waste
products of animal origin, regulation of inter-
national transportation of animals by cattle
wagons and motor trucks, disinfection of means
of transportation, standardization of biological
products, new aspects with regard to the control
of infectious cattle diseases.

Poultry diseases. Since 1931 poultry diseases
have been included in the discussions. Studies
have been reported, inter alia, concerning bacil-
lary white diarrhea; a magisterial report on all
poultry diseases, their etiology, course, and
control; helminthoses in poultry; vaccines against
fowl pest, fowl cholera, avitaminoses.

It has been resolved to remain diligent in regard
to poultry diseases.

1 wish to point out that not only have the dis-
eases, as such, and their control been studied, but
investigations have also been made as to what
conditions may favorably affect the diseases. For
instance, there were two important reports which
dealt with breeding, feeding, and maintenance
(the method of care of the animals). The leading
thought of these reports was that the occurrence
of infectious animal diseases depends on the asso-
ciation of two factors: The animal must be exposed
to infection, and it must be in a condition to take
the infection, in other words, the infection must
“‘take hold.”

Veterinary surgeons throughout the world must
make a careful study of the problems not yet
solved. The knowledge gained so far enables us
to improve appreciably the conditions under
which the agricultural domestic animals, and also
poultry, live and in this way to prevent the occur-
rence of infections and parasitic diseases or to
exert a wholesome influence on their course.

The importance of the annual sessions of the
Committee of the Office is measurable not entirely
by a summary of its reports and activities. It
represents, as it were, a Parliament whose advice
is authoritative everywhere. Owing to there
being only one official delegate from each partici-
pating country, the committee consists of a com-
paratively small number of learned men and
administrators, all experts. It is the operation of
these two factors which gives the office its origi-
nality and its authority. If the scientists come
forward with new suggestions of a possibly hazard-
ous nature, the practical men of the veterinary
sanitary police consider the possibilities of the
proposal and entertain only measures acceptable
in the economic and social order. The resolutions
resulting from the aforementioned work furnish
the governments and the State Veterinary
Services with the necessary directions.

The office in Paris performs permanent work; it
is the organ both of information and documenta-
tion;its task is to follow, over the whole world, the
prevention, the propagation, and the fluctuations
of infectious diseases, to give useful information to
the authorities of the various countries, and to
publish the data thus obtained.

Apart from the information which the com-
mittee publishes in the veterinary health bulletins
of the various countries, it makes investigations
which show the current problems which merit
study. The office publishes:

1. A monthly bulletin which contains, in addi-
tion to the original studies, data obtained from
day to day about the sanitary situation of the
various countries; publications of interest for the
control of infectious diseases; extracts from or
summaries of scientific works published in all
countries; reviews of the subjects which have been
placed on the agenda of the sessions of the com-
mittee or the study of which is recommended for
the near future; copies of all texts (international
conventions, laws, resolutions, decrees, and circu-
lars) relating to the veterinary sanitary police of
animals. Every year the whole comprises a
volume of 1,000 to 1,300 pages.

2. The minutes of the annual sessions, which
contain the reports of the director of the office on
the state of animal health during the past year
and, on the administrative and financial actions
of the office; the reports obtained from the most
competent persons, containing a provisional study
of subjects which will be brought up for dis-
cussion; the records of the sessions, all of which
form every year a volume of 400 to 600 pages.

3. The statistics on the infectious diseases col-
lected according to the sanitary bulletins of the
various countries. These documents, carefully
classified, make a volume of 500 to 600 pages.

The foregoing brief review of an international
organization which is in full activity may be con-
sidered sufficient to justify the appreciation
granted to it by the Governments and by the sci-
entific and agrarian millions of the whole world.

And this world organization in the field of



SEVENTH WORLD’S POULTRY CONGRESS 17

controlling infectious animal diseases, in its session
of 1934, after dealing with a highly important report
on infectious poultry diseases, expressed itself as
appreciating the necessity of assiduously con-
tinuing the study of epizootic diseases of poultry
and their control, and stated that the Permanent
Office would communicate, if there were reasons
for so doing, with national or international organi-
zations which occupy themselves with poultry
breeding.

In the session of 1938 the following resolution was
unanimously passed, without discussion:

The Office International des Epizooties, after
its previous session, received an official invitation
to send a representative to the Seventh World’s
Poultry Congress to be held in Cleveland, Ohio,
in 1939.

The committee of the office is of the opinion
that the office should appoint a delegate and allow
him to attend said congress as the official repre-
sentative of our organization.

The committee of the office decides that this
delegation shall be entrusted to its president,
Professor Berger.

DEVELOPMENTS OF MARKETING AND THEIR INFLUENCES ON THE
WORLD’S POULTRY INDUSTRY

By Dr. EarL W. BEnsamin, New York, New York, U. S. A.

Evidence points to the fact that the great
changes which have taken place in our egg and
poultry industry during the past forty years have
been largely due to economic influences. Our
Industry has passed through and left behind that
field occupied by sportsmen interested in develop-
ing fighting stock or breeding for intricate colora-
tion of plumage and constantly changing styles of
body shape.

The struggle for life among mankind has been
becoming more and more intense;—life for indi-
viduals as well as life for nations. Every avail-
able tool for accomplishing these desired ends is
being utilized.

EGG AND POULTRY INDUSTRY CONCERNS
ALL MANKIND

The egg and poultry industry is proving to be a
very effective tool in this struggle for existence.
No other Industry so completely commands the
attention and concern of every people on the face
of the globe. There are very few individuals who
are not interested in either production or con-
sumption of some kind of egg and poultry product.
No other industry reaches so completely into the
interests of the rich and the poor alike, children
and the aged, women and men, the retired and the
active. No other industry lends itself better to
cooperative effort among those engaged in its
activities—among those having common purposes.
Earnest cooperation among people helps to weld
them together and makes them more united and
purposeful in their self-application to daily tasks.
No other industry lends itself better to the job of
making a nation self-sufficient. A busy people,
producing a food product for their own consump-
tion, are a happy people.

DEVELOPMENTS FOLLOWING THE WORLD WAR

During the decade following the World War
there was everywhere an intense interest in bring-
ing about a quick recovery from the economic

drain of the world catastrophe. In the general
spirit of the times, visions of the possibilities of
such an undertaking as a World’s Poultry Con-
gress were spread before the industry by such
leaders as Professor James E. Rice of Cornell
University and Sir Edward Brown of London.
Their dreams and plans, with the aid of countless
enthusiastic supporters, were brought rapidly to
fruition.

People concerned with the production and mar-
keting of poultry products now come together
from all parts of the world in triennial Congresses,
for the purpose of developing and maintaining a
unity of interest, a breadth of understanding, and
a continuation of mutual benefits.

BASIC CHANGES TAKING PLACE

Aided by the World’s Poultry Congresses and
by the quickening of national endeavors of which
the Congresses are merely a symbol, profound
changes have taken place in our business of mar-
keting egg and poultry products. I shall try to
enumerate a few. First, I wish to acknowledge
and voice my deep appreciation for the assistance
given by many of you by supplying information
relative to conditions in your own countries.
Many who are not able to attend this Congress
have also given me valued assistance. It isto the
kindness of these friends of widely separated lands
that I give credit for inspiring many of the view-
points and opinions I have endeavored to express
in this paper.

Sound and efficient marketing can be accom-
plished only when the product is being produced
right. Marketing operations could not have en-
joyed the progress and improvement which have
been their lot during the past forty years except
for equally important and beneficial improve-
ments in the breeding of poultry to produce a more
practical type of egg and fowl; better feeding to
increase the production and improve the quality
of the product; reduction of mortality and proper
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management to permit the production of infertile
eggs for market purposes, making possible year-
around supplies of fresh eggs and poultry meat
products; as well as development along countless
other lines.

Among the major developments directly affect-
ing the marketing of egg and poultry products,
and upon which most of the improvements in our
marketing operation are more or less dependent
are the following:

1. The adoption of more discriminating distinc-
tions for sorting egg and pouliry products according
to various qualities.—A trend is evident toward
adoption of more exacting grade specifications and
application of the same all along the line from the
producer to the consumer, wherever buying or
selling is done. This probably has been the most
important influence in the marketing of eggs and
poultry products in the past four decades. It has
provided an incentive for the producer to improve
his products, because he can see the prices com-
manded by the different qualities of products in
the market. He can see that to claim that a
product is of a quality which it is not, becomes a
boomerang.

Almost every country reports developments
along this line. In some instances governmental
authorities have done practically the whole work
of conceiving the idea, devising the grading speci-
fications and applying the same. In other coun-
tries the members of the industry, the producers,
the distributors and the consumers have been
consulted. Their suggestions and advice have
been incorporated into laws and regulations, and
a reasonable degree of enthusiasm has been de-
veloped for enforcement of the same. In still
other countries the governmental authorities have
done little, and the industry through their coop-
eratives or through voluntary associations and
agreements have arrived at similar results.

2. Anincreasing appreciation for egg and poultry
products for food use.—As the adoption of grading
specifications became more general and these were
applied to buying and selling operations, the
quality of the egg and poultry products offered to
consumers gradually became more dependable and
more in conformity with the consumers’ desires.
This has been the experience in practically every
country where efforts toward increased consumer
appreciation have been undertaken. The authori-
ties in Canada claim that a large share of the
credit for their per capita consumption of 368 eggs
per year should be given to the strict enforcement
of their grading standards and the campaign of
education which has gone along with that enforce-
ment. Canada probably leads the world in per
capita consumption.

In India the teeming millions of population
average to eat a little under eight eggs per year,
per person. In that country a substantial propor-
tion of the population are vegetarians and do not
believe in the taking of life for food purposes. A
campaign of education is now being undertaken to
show to these people of strong religious beliefs

that eating an infertile egg does not violate their
creed. 'We hope that consumption in India will
show a rapid increase.

In the United States, and in England, Canada,
and some other countries, the use of dried and
frozen egg products for the commercial manu-
facture of baked goods, confections, mayonnaise
and other dressings and other manufactured foods
is rapidly increasing. A change in the baking and
cooking customs of the people accompanies an
improvement in the quality and a more depend-
able supply of these dried and frozen egg products.
In the United States around 8 percent of our egg
supplies are now marketed in frozen or dried form.
China has been supplying about 85 percent of such
products entering World Trade. The recent
difficulties with Japan have interfered with the
movement of Chinese frozen and dried egg
products to some degree.

Turkeys, ducks, and geese, which formerly have
been only festive dishes are now becoming avail-
able and being utilized more steadily and year-
around in many countries. Improvement in the
preparation and handling of all dressed poultry
products is increasing the use of them.

3. Struggle for national security.—Many coun-
tries for one reason or another are seeing fit to set
up trade barriers making it more difficult for egg
and poultry products of other countries to move
into their own national markets and compete with
their home products. Efforts are being made by
every possible means to encourage a more depend-
able domestic production of egg and poultry
products so the country’s supply of international
exchange may be retained for the purchase of
products which cannot be produced at home. We
have noted a definite decline in foreign trade in
egg and poultry products during the past decade.
Of the twenty-three principal countries exporting
egg and poultry products in the world, only two
of the countries have shown increases in their
export trade for such products since 1930. These
two countries are Denmark and Australia. Every
important importing country shows a decline in
its imports of egg and poultry products since 1930.

We have already stated that the egg and poultry
industry lends itself to a policy of self-sufficiency
for countries in almost every climatic zone.
Declines in the foreign trade of the world for egg
and poultry products show that the countries are
making use of this important fact.

4. Development of cooperative marketing.—Prac-
tically every country reporting on marketing
developments and their influence on the poultry
industry gives prominence to the efforts being
made by producers and others to get together in
various forms of cooperative undertakings for the
purpose of improving their lot. Almost every
operation in the industry lends itself to coopera-
tive control. Cooperative organizations can do
anything that the individuals making up the asso-
ciations might do.

Most of the success of commodity cooperatives
in the United States and in other countries can be
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credited to the fact that they were founded and
developed because of necessity and the need of
overcoming real and not fancied faults of the old
system. Contrary to the belief of some very good
friends in other countries and in this country I
cannot believe that it is wise to promote or en-
deavor to maintain a cooperative through a
religious sort of fervor for cooperative principles.
A business cooperative is a way of doing business;
it should be made to do business satisfactorily or
individuals, who also deserve a living, should be
permitted to do the business instead. There are
nearly 200 business cooperatives handling egg and
poultry products with a membership of over
100,000 persons and a business of nearly
$100,000,000, in the United States alone; and these
cooperatives have to succeed or stop business.

The so-called general consumer cooperative is
quite different than the commodity business coop-
eratives I have just discussed. The consumer
cooperative leading toward the Cooperative Com-
monwealth idea has been approaching the status
of a social and political movement throughout the
world and has no place in this discussion. Insome
European countries consumer cooperatives do a
large share of the total retail food business, in
Finland up to 40 percent.

The egg and poultry cooperatives thrive only
where and so long as they are needed; and they
should not survive such usefulness. It is my per-
sonal opinion that it is most unfortunate for the
Industry and for the sound cooperatives when a
government grants to cooperatives undue privi-
leges which are denied to private initiative.

Sound cooperative efforts by producers of egg
and poultry products in many countries are inject-
ing a long-term interest into the improvement of
products and methods, which the itinerant mid-
dleman cannot afford to do. Cooperative associa-
tions in the egg and poultry industry must assume
the responsibility, expense and effort for much of
the testing of new methods, and the first adoption
of such as may be proven worthy. The coopera-
tives’ control of volume and the life-time interest
in the business of producing egg and poultry
products inherent in their membership, makes it
both possible and obligatory that the cooperatives
do this missionary work even though the benefits
immediately accrue to all competitors.

The cooperatives are important factors in many
of the great changes in our Industry.

IMPROVED MARKETING METHODS

Continuous experimenting and searching to
discover improved ways of marketing egg and
poultry products are both the cause and the result
of the four basic considerations which we have
been discussing. Individuals and corporations
everywhere are to be highly commended for their
readiness to sacrifice personal and corporate gain,
in their efforts to develop better methods for the
general benefit of the whole industry.

I cannot take the time to discuss details of these
changes in our practices, which we call progress;

but you are more or less familiar with them, and
if not, you all know where to go for information
best fitted to your own particular need.

Quicker and better handling of the products,
improved roads, better rail and truck equipment,
and better use of refrigeration and other protec-
tive practices for the product from the time it
leaves the farm until it reaches the consumer;—
all these improvements are the product of initia-
tive inspired by needs of the Industry or needs
of the country. The improved practice of pro-
tecting the egg shell by treating it with a colorless
mineral oil to prevent evaporation, loss of carbon
dioxide gas and breaking down of the alkalinity of
the egg has been of great economic value in this
country. The egg case liner used in this country,
consisting of asphalt treated paper accomplishes
the same results to a lesser degree. Modern facili-
ties for freezing or drying egg contents so the
quality is conserved for use by bakeries and food
manufacturers have been developed.

Improvements in packaging have been given
careful consideration in all exporting countries due
to pressure coming from their principal markets.
The distributors in the British markets have been
particularly active along these lines. In London,
the egg market for the world, one finds every con-
ceivable type of egg and poultry package. Bas-
kets, flats, boxes of various sizes and all sorts of
packing material are encountered in this great
international market.

An urgent suggestion comes from the trade in
London for the Seventh World’s Poultry Congress
to take some steps to bring about a standardiza-
tion of the package and packing materials used for
eggs throughout the world. Wood cases contain-
ing 30 dozen eggs, boxes of fibreboard or corru-
gated material containing 15 dozen eggs, packed
with honeycomb fillers separated with molded
flats, and the so-called fillerless flats are gaining
strong popularity in the London market. This is
being reflected by an increased demand for such
packing materials in all countries exporting to the
British Isles. These packages are well known in
the United States, and we can expect important
future developments along this line.

The importance of packing eggs with the air-cell
end uppermost also becomes of commercial signifi-
cance as the grading specifications in the markets
become more exacting. The problem of deter-
mining the most practical method of cleaning
market eggs is still receiving much attention.
Research work has been done in Great Britain and
other countries as well as in the United States on
the full drawing and quick freezing of poultry and
means of preventing freezer burning.

Improvements in methods of selling i.e. nego-
tiating the sale and the transfer of the products
from' the seller to the buyer, have been developed
along with the increasing dependability of the
product, the lessened breakage in transit, and the
gradual elimination of factors causing dissatis-
faction between the seller and the buyer. Better
selling means quicker selling, less costly selling,



20 SEVENTH WORLD’S POULTRY CONGRESS

and more satisfactory selling. This means a closer
relationship between the seller and the buyer, a
more sympathetic reflection of the producer’s
problems through to the consumer, and of the
consumer’s problems back to the producer. The
benefits resulting from improved selling are felt
everywhere;—in the great public markets
throughout the world; in the wholesale egg auc-
tions, so prominent in Holland and used to some
extent elsewhere in Europe and also in New York
City; in the rural auctions which are so successful
in Northeastern United States; and on the Ex-
changes where transactions are made according to
specific grades. Easier trading means more trad-
ing, more production and more consumption.

The reporting of market conditions and prices
obtainable in the markets for various qualities of
products has been extended through radio service
and cooperation of the local press in many coun-
tries. In order that producers and distributors
may adjust their operations quickly through vary-
ing conditions of the market, it is important that
accurate and complete information be distributed
as widely as possible without undue delay.

GOVERNMENTAL ACTIVITIES

Some of the rapidity of the changes in the egg
and poultry industry may be due to the trend
toward greater participation by Governments in
the economic life of many countries. In some
instances this has come about because the Govern-
ments realize the value of a strong virile egg and
poultry industry to their national defense pro-
grams and the morale and economic welfare of
their people. In other instances the Government
assistance has been due to the farmers’ frantic
grabbing at straws to help pull themselves out of
the mire of economic depression. One often
enjoys false hopes of pulling himself up by his
boot straps, and if enough want to try it, they
can force the Government to do it for them.
Examples are misplaced confidence in visionary
schemes for control of prices without proper
regard for the old law of supply and demand; plans
for control of production; and misleading labeling
regulations. Egg producers particularly inter-
ested in fresh eggs sometimes urge regulations
requiring the marking of refrigerated eggs as
“cold storage.” This term has such an effect on
the consumer that she is unable to exercise her
normal intelligence in choosing eggs and poultry
which have been properly protected by refrigera-
tion, for her use. In many instances these mis-
guided actions are being rectified, and the authori-
ties, in consultation with members of the Industry
enjoying the confidence of these authorities, have
been able to make some real progress in the right
direction.

DEVELOPMENTS IN THE UNITED STATES

In speaking to the delegates to this Seventh
World’s Poultry Congress, I am speaking to guests
of the United States. We hope that you will take
occasion to observe at first-hand some of the vari-

ous marketing developments of which I have been
talking.

In the United States you see a country where
probably about 25 percent of the egg and poultry
products of the world are produced,—one country
embodying great extremes of conditions affecting
our egg and poultry industry. We have the heat
of the tropics and also frigid areas constantly
covered by ice; areas of almost complete aridity
and also areas with some of the world’s heaviest
rainfalls. We have broad open prairies; moun-
tainous and desert areas almost devoid of popula-
tion, and we have some of the most congested resi-
dential and industrial centers of the world. Eggs
and poultry are produced under varying seasonal
and climatic conditions providing, under modern
management practices, a fairly constant supply of
fresh products the year around. All of these
extremes of conditions and the tremendous vol-
ume of products are under one Government with
freedom of trading between all sections, no prob-
lems of monetary exchange and different lan-
guages, and good highways everywhere. With
easy transportation from one market to another,
prices and supplies are closely related in all dis-
tricts, permitting trading with relatively little
risk. Adequate credit information is available.
What you see here can hardly be compared with
any similar volume of eggs and poultry in any
other part of the world, where several different
countries would be involved in comparable opera-
tion. It is natural that, under these favorable
conditions in the United States, new ideas have
been put to test very freely. Few obstacles have
interfered with the adoption of whatever that is
new may prove worthy. We hope you will be able
to take time to give consideration to many of these
developments while here.

THE FUTURE OF OUR INDUSTRY

Turning to our neighbor on the north, it is re-
freshing to find how simple a program can be
worked out to fit a satisfactory egg and poultry
policy to the purposes of that country. Canada
has done four things according to the authorities
there:

1. Established national standards for sale of

eggs by grade.

2. Encouraged the carrying back to the pro-
ducers of the premium established by con-
sumer preferences in the market.

3. Transmitted information relative to market
conditions to all those in a position to profit
thereby.

4. Encouraged the organization of cooperative
marketing organization, not for monopoly,
but with the idea of creating and maintain-
ing active competition in market activities.

Perhaps this program would not satisfy all coun-
tries and I am quite certain that it could not be
adopted as effectively in many countries as has
been done in Canada, where the type of people,
climatic conditions, the competitive agricultural
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activities and the size of the country have been
favorable to its application.

The egg and poultry industry has proven itself
one of the basic activities around which a nation
can build a sound agriculture.

Our experience in this country undoubtedly con-
trary to experience in some other countries is that,
if the producers and consumers are left to their
own devices in their efforts to produce and sell
competitively on one hand and to buy and eat
efficiently on the other hand, they will employ
middlemen or develop cooperatives, utilize such
Governmental help as seems necessary for educa-
tional and regulatory work, and will make a rea-
sonable degree of progress with satisfactory speed
and certainty. They will continually strive to
make conditions better for each one individually,
and in so doing they will help the whole.

Many of us in this country believe that the pro-
ducer himself must carry the responsibility for
building a better industry by increasing its sta-
bility, by promoting greater efficiency of the
operations of production, handling, and selling,
and by increasing the consumer appreciation for
his products to a point where the Industry be-
comes truly a vital and indispensable part of our
life and egg and poultry products become a
necessity for our daily diet.

We producers in this country have not been able
to do this, however, in spite of the fact that the
distributors have offered to cooperate with us by
selecting equitable funds on a per unit basis at
various feasible contact points in the marketing
channels. We producers are not yet ready to for-
get our differences and realize that what helps all

helps each. We think we have a good idea here,
but we do not seem to adopt it ourselves. We
shall not be surprised if some of you producers in
other countries go ahead and lead the way in
this work.

ECONOMICS GUIDES OUR DESTINY

As stated in the beginning of this paper, I
believe the great changes in our Industry will be
brought about by economic conditions. Stomachs
and purses guide our Industry. New methods of
marketing will be adopted as soon as they are
proven beneficial. It would be unfortunate if this
were done before.

I believe the World’s Poultry Science Associa-
tion will do well to appoint an active committee
to keep in touch with all marketing activities in
the various countries and to interchange this
information for the benefit of all. Tests of new
ideas might be suggested where prospects for suc-
cess seem most promising. Isn’t there room for
such work in a world where there are too many of
us looking at each other through rifle peep-sights?
—Where there is a place for a World’s Poultry
Congress, and it is up to us to do our best to main-
tain a place for such gatherings, there also is a
place for such a marketing committee. I hope
that at the business session of this Science Asso-
ciation such a committee will be set up.

In the work of these Congresses—in the work of
such a Committee—lie opportunities for a pro-
found influence on the egg and poultry industry of
the world—on the relationship between the peo-
ples of the world—in no other way possible of such
effective accomplishment.
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In view of the world scope of this Poultry
Congress, I deem it fitting to comment briefly on
certain international phases of the poultry in-
dustry of the United States. There is a common
tendency, arising from feelings of nationalism, to
regard various industries within a nation as the
product of the efforts of its own people. This is
a natural point of view. However, as we ap-
praise closely the poultry industry of this Nation,
and possibly other nations, we are likely to find
many evidences of international influence. The
most familiar is the diversity of breeds and
varieties of poultry commonly observed on farms
and at poultry shows and exhibitions. Here we
see blood lines that originated in various coun-
tries of Europe, in regions of the Orient, and other
remote places. It is true that there have been
certain departures from the original plumage and
types in response usually to selection and cross-
breeding, but the original contribution is never-
theless in evidence.

INTERNATIONAL SPIRIT OF RESEARCH

Scientific investigation is another international
contribution. Itisaxiomatic that research knows
no geographical boundaries. Scientific workers
of all nations have shared their findings with
one another in a conspicuously altruistic manner.
Thus, the successes that have attended efforts
within the United States to improve poultry
types, to safeguard health, and otherwise to build
up a great poultry industry have been the result,
directly or indirectly, of international assistance.

I welcome this opportunity to acknowledge the
material and intellectual contributions of other
countries to poultry advancement in the United
States. And I sincerely trust that our friends
from other nations may benefit also from the
research findings and other contributions of the
United States to the common pool of world knowl-
edge and experience.

From personal observation in several countries
in which poultry raising has become a prominent
industry, I have been impressed by the methodical
manner in which advancement occurs. This
obgervation is especially true in the field of re-
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search. The number of discoveries or attain-
ments which may be classed as brilliant or out-
standing is relatively few, but through pains-
taking, methodical effort investigators in genetics,
nutrition, pathology, and other fields have grad-
ually increased the amount of useful knowl-
edge. This knowledge, in turn, is gradually as-
similated in the poultry-producing areas and by
those groups that manufacture or supply feeds
and equipment, or perform other services.

Thus the methodical attack on one problem
after another has increased efficiency in produc-
tion and has reduced the elements of risk and
chance. Viewed in thislight, the poultry industry
of the United States, vast as it has now become
with the gross income of approximately one
billion dollars annually, rests on a very substan-
tial foundation. It occupies an important posi-
tion among the leading agricultural and livestock
industries. Poultry raising has become one of
the most stable and dependable sources of in-
come for farm people. In recent years about 10
percent of the gross income from farming has
been derived from poultry. And in localities
where conditions of production and marketing
are especially favorable, the poultry enterprise
has reached large commercial proportions. In
addition, poultry are raised in considerable num-
bers in suburban areas.

By these general remarks I have endeavored to
convey my entire confidence in the soundness of
the poultry industry and its ability to solve per-
plexing problems and difficulties. It has done so
in the past; it is now making excellent progress
against current difficulties; and with an accumu-
lation of successes there should be no serious
concern over the future. Human resourcefulness
and accuracy of judgment depend essentially on
adequate information. With increasing knowl-
edge and experience our efforts should become
increasingly fruitful.

DISEASE CONTROL AS ECONOMIC ALLY

Inasmuch as one of the objectives of this
World’s Poultry Congress is to discuss means of
increasing the consumption of poultry and eggs, a
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brief reference to the role of disease in relation
to that objective seems appropriate at this time.
I consider disease control basic to the liberal use
of poultry products, largely because of the
economic factors involved.

Health and vigor are, of course, essential to
production and there is ample evidence to show
that profits increase at an accelerated rate as
production rises above average. For instance,
as annual egg production per hen rises from 100
to 200 eggs, the labor income increases not merely
100 percent, but close to 400 percent.

It is common knowledge also that poultry and
eggs are constantly in competition with other
foods, many of which supply desired nutrients
at low cost. The intrinsic merits of poultry
products, together with advertising, tend to
overcome adverse price differentials. But if,
through effective disease control, the poultry-
man can reduce his losses on the farm and produce
more economically, then he is in a much better
economic position. He will have more to sell
and can afford to sell for less, without sacrificing
net income. The result is a thriving industry.
Disease control has a valuable effect also from
the standpoint of human interest and reactions.

In the case of bovine tuberculosis, the nation-
wide campaign against that disease was accom-
panied by an increase in per capita milk con-
sumption. Contrary to the fears of some interests,
that the discussion of disease would create an
aversion to milk, the facts now indicate the
reverse situation. I believe that the public is
entitled to know the conditions under which its
food is produced. And when an industry is
striving diligently to produce and market whole-
some products, it soon receives the public’s
confidence and good will.

In the administration of poultry disease control
in the United States, success has depended, in
large degree, on good organization of the work
and cooperation between public and private
agencies. The United States Department of
Agriculture and the State agricultural colleges
and experiment stations conduct extensive re-
search programs. Cooperating agencies are the
State livestock and poultry officials, organiza-
tions of poultrymen, manufacturers of supplies,
poultry publications, and other interests seeking
the best development of poultry raising in all its
ramifications.

POULTRY RESEARCH LABORATORY ESTABLISHED

In the exploration of new scientific fields, our
research institutions utilize the joint efforts of
trained workers having widely varying back-
grounds. Great reliance is commonly placed
on pathology, immunology, biochemistry, and
related sciences.

These portions of the research field have been
fruitful in the past and the products of such
research have been highly dependable. Yet our
poultry pathologists welcome the efforts of
colleagues in the fields of nutrition, genetics,
statistics, and other branches of advanced knowl-

edge. The extent to which poultry can be raised
and fattened in confinement is governed, we now
know, largely by prevention of nutritional dis-
turbances. Avoidance of vitamin deficiencies is
especially essential. In the field of genetics,
plant breeders have been conspicuously successful
in developing disease-resistant strains. On the
basis of such work there is considerable hope of
success in improving our control over animal
diseases. By virtue of their rapid sexual devel-
opment and large numbers of progeny, poultry
seem especially well adapted to research of this
type as compared with the larger domestic ani-
mals which breed and multiply much more slowly.

An extensive project dealing with the ability of
poultry to resist disease is now in operation at the
newly established Regional Poultry Research
Laboratory at East Lansing, Mich. This labora-
tory began operations early in 1939 and is con-
centrating its initial efforts on fowl paralysis.
The causative agent of this disease is still un-
known except that it is a filter passer.

Other infectious diseases of outstanding im-
portance on our current research program are
avian tuberculosis and pullorum disease. Next
in economic importance is a group of pathological
conditions, each of specific etiology, which con-
stitute a serious menace to poultry life and health
hecause of the damaging effects on the respiratory
function. The principal offenders in this group
of poultry enemies are fowl pox (diphtheria),
infectious laryngotracheitis, and infectious rhini-
tis (coryza).

Conspicuous among the diseases caused by
protozoan parasites are blackhead and coccid-
iosis. Worm parasites, including flukes, tape-
worms, and roundworms, likewise impair the
health of poultry and are included in research
work. Effective control of lice, mites, and other
external parasites is also a major objective.

The general manner in which disease-control
agencies operate is typified by the avian tuber-
culosis project. In this case research showed the
essential facts regarding the effects of the disease.
The next logical procedure was to familiarize
poultry owners with the symptoms and aid them
in reducing losses.

SUPPRESSING AVIAN TUBERCULOSIS

The principal distribution of avian tuberculosis
in the United States islimited to about a fourth
of the States, chiefly in the central and north-
central parts of the country, where the common
practice is to permit poultry to run at large on
farms.

For many years the Bureau of Animal In-
dustry has endeavored to find a practical way
to eliminate this disease, recognizing that any
plan, to be successful, must be easy to apply.
Accordingly, instructions were issued to the
veterinarians engaged in the tuberculin testing of
cattle to inspect the poultry flocks on the farms
visited, to obtain information on the extent of this
disease, and assist the farmers in its control.
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When suspected birds were found, a post-mortem
examination was held; and in case lesions of
tuberculosis were demonstrated, the flock owner
was advised on methods to be employed in re-
moving the infection. The most practicable
means of combating the disease in poultry flocks
on farms were found to be as follows:

1.—If the flock is of the common barnyard class,
the preferred method is to slaughter and burn all
clinical cases and vacate the premises of all chick-
ens for a reasonable time. The premises should
be thoroughly cleaned and disinfected, and if the
buildings are good, they should, if possible, be
moved to clean ground. Restocking should be
made with young chicks or mature birds from
healthy flocks.

2.—A variation of the foregoing method is to cull
and slaughter all clinical cases and keep the re-
mainder of the flock, which preferably consists of
young birds, in uninfected fenced quarters. Re-
stock with day-old chicks and raise them in an
inclosure on clean ground.

These plans may be extended to provide for the
testing of all flocks in which clinical cases are not
found, to give additional assurance of freedom
from tuberculosis. Each plan provides for a
general educational campaign.

The plans do not apply to well-managed pure-
bred breeding flocks, which are not frequently
infected. However, when they are, the entire
flock should be tuberculin tested frequently,
reactors eliminated, and houses and runs disin-
fected until the disease no longer exists. On the
average farm, it is necessary to consider the
flock instead of the individual birds as a unit,
because the infection may remain in the soil for
several years and may be a source of danger.

The veterinarians engaged in cattle tuberculo-
sis-eradication work have observed approximately
20,000,000 fowls annually. In areas where tu-
berculosis-eradication work in cattle has been
largely completed, it has been necessary to assign
a group of veterinarians—about 15 in number—to
the avian-tuberculosis project, with no other
duties to perform. These men are doing very
effective work.

Avian tuberculosis causes losses not only in
poultry but also in swine that become affected
with this disease by eating badly diseased fowls
or their droppings. About 10 percent of the swine
in some localities are affected with avian tuber-
culosis, usually to but a slight degree. It is
noteworthy that the area where most of the avian
tuberculosis in the United States is found is also
the area where most of our swine are raised.
For this reason the control of avian tuberculosis
in that area has an important bearing on the
swine industry as well as on poultry produc-
tion.

The general outlook for the control of tuber-
culosis in poultry in the United States is distinectly
favorable, as a survey has shown the disease to
be materially reduced by the methods described.

CONTROL OF PULLORUM DISEASE

The activities of the Bureau of Animal Industry
pertaining to the control of pullorum disease are
largely connected with the National Poultry
Improvement Plan, which was inaugurated July
1, 1935. Under the cooperative guidance of the
Bureau the plan is operated voluntarily and
independently in each participating State, under
authority of a designated agency.

One phase of the plan pertains to the breeding
of flocks and management of hatcheries, and deals
with such varied problems as hatching, advertis-
ing, sales, and sanitation. In another phase of
the plan, which relates to the control of pullorum
disease, three classes of flocks are provided for,
namely, pullorum-tested flocks, pullorum-passed
flocks, and pullorum-clean flocks. In the pul-
lorum-tested class there is a tolerance of pullorum
reactors up to, but not including, 10 percent.
This means that before such flocks can be used for
breeding purposes one or more additional tests
must be made to bring the number of reactors
within the tolerance allowed. In some States
this 10-percent tolerance has been reduced on
the initiative of the official State agencies with
prospects, in the near future, of a reduction to 5
percent or less at the request of the States partic-
ipating in the National Poultry Improvement
Plan. No tolerance is allowed in the remaining
classes. Annual tests are required for the pullo-
rum-tested and pullorum-passed classes. How-
ever, for entrance into the pullorum-clean, or
highest, class, two consecutive clean tests are
required not less than 6 months apart, the last
test being made within the testing year imme-
diately preceding the date of sale of hatching
eggs or chicks.

All pullorum-disease testing, within the plan,
is done under the authority of the respective
States, by one of three recognized agglutination
testing methods, namely, (1) the stained tube
agglutination test, (2) the stained-antigen rapid
whole-blood test, (3) the rapid serum test. Since
the development of the stained-antigen rapid
whole-blood test, the Secretary of Agriculture has
granted permits to more than 30 commercial
laboratories for the manufacture of the stained
antigen. The Department of Agriculture has
accepted the responsibility for examining com-
mercial stained antigens to be used in the rapid
whole-blood test. Such supervision is commonly
regarded as a safeguard to the reliability of pul-
lorum-control work in States using such antigens.
Tube or rapid serum antigens are prepared, for
the most part, in the respective State laboratories
and do not come under Federal supervision. The
majority of States are conducting some phase of
pullorum-disease control with the immediate
objectives of improving the hatchability of eggs
and the livability of chicks.

SUPERVISION OF POULTRY BIOLOGICS

In addition to the supervision of commercial
stained antigens, as already noted, the Bureau
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of Animal Industry administers the Virus-Serum-
Toxin Act, passed by Congress in 1913. This
legislation provides for the production of veteri-
nary biological products under a system of licenses
and related Federal supervision to insure the
purity and potency of such products. Prominent
among the biologics produced by licensed estab-
lishments for poultry use are fowl-pox vaccine,
laryngotracheitis vaccine, roup bacterin, typhoid
bacterin (avian), mixed bacterin (avian), hemor-
rhagic septicemia bacterin (avian), pullorin, and
avian tuberculin.

TESTING OF DISINFECTANTS

In dealing with disease problems, poultrymen
have had the benefit of technical aid in their
selection and use of suitable disinfectants. For
many years the Bureau of Animal Industry has
studied the effectiveness of chemicals likely to
be of value in destroying disease organisms.
In addition, it has tested commercial disin-
fectants and prepared lists of those approved for
specified purposes. These studies have provided
helpful information not only concerning the
germicidal power of different products, but also
on such other points as safety to operators, resi-
due odors, corrosive effects, and similar practical
considerations. The investigations have em-
phasized also the importance of thorough cleaning
of all surfaces to be disinfected.

As the principal veterinary unit of the United
States Department of Agriculture, the Bureau of
Animal Industry has conducted the activities
outlined thus far in this discussion.

POULTRY FUNCTIONS OF OTHER DEPARTMENTAL
BRANCHES

Other branches of the Department, however,
have functions that involve various phases of
poultry production, marketing, and disease
control. Following is a summary of their activi-
ties, which relate directly or indirectly, to safe-
guarding the health of poultry.

FEDERAL SUPERVISION OF DRUGS AND RELATED
PRODUCTS

Producers of drugs, insecticides, vitamin prepa-
rations, and other products used in treating poul-
try diseases, in feeding, or in management of
flocks, are subject to Federal supervision under
the Department’s Food and Drug Administration.
This work includes periodic chemical and vitamin
assays of cod-liver oil and other vitamin products
used for poultry feeding, and the collection and
chemical analysis of samples of poultry remedies
and poultry insecticides obtained from inter-
state shipments. In case any of these products
fail to meet certain standards or if they do not
accomplish all that the labeling claims, they are
subject to removal from the channels of interstate
trade. The Food and Drug Administration, in
the enforcement of the Food and Drugs Act and
the Insecticide Act, also carries on investigational

activities, such as the investigation of pro-
prietary poultry-parasite remedies, insecticidal
remedies, and other products.

INSPECTION OF DRESSED POULTRY

In connection with official grading, inspection,
and certification of poultry products, the Bureau
of Agricultural Economics maintains a dressed-
poultry inspection service. There is no require-
ment that dressed poultry moving in interstate
commerce shall be federally inspected. The
grading service is rendered, therefore, to con-
cerns that request it and where the necessary
arrangements for such a service can be made.
The company using the service must pay to the
State agency with which the Bureau cooperates
a sum sufficient to finance the cost of the service
rendered. It must also meet the requirements of
the Bureau with respect to methods and equip-
ment.

The inspection rendered consists in the exami-
nation of each poultry carcass at time of eviscera-
tion to determine its wholesomeness and freedom
from disease. This work is done by qualified
veterinarians who are licensed by the Department
and receive their salaries from the State agency
with which the Bureau of Agricultural Econom-
ics cooperates in the inspection service. This
service is conducted at approximately 30 points in
the States of Massachusetts, New York, New
Jersey, Delaware, Pennsylvania, Indiana, Illi-
nois, Nebraska, Minnesota, lowa, and Washing-
ton. At these points the poultry used by canning
plants or the poultry prepared for sale as full-
drawn poultry receive inspection.

INSPECTION OF LIVE POULTRY

The Bureau of Agricultural Economics also
maintains a live-poultry inspection service at
New York City, New York, and Newark, New
Jersey. At these points trained inspectors
examine the live poultry on arrival at the
market and before sale to slaughterhouse opera-
tors. The inspection, made by sampling, takes
into account the health condition of the birds and
the size of crop. Poultry found to be in an over-
cropped condition must be held for a later in-
spection in accordance with the rules governing
this service. Poultry that are diseased or other-
wise unfit for food are denatured or destroyed.
The inspection service at these two points is
carried on in cooperation with the New York
State Bureau of Markets and the New Jersey
Department of Agriculture, respectively.

INFORMATION SERVICES

As a part of economic investigations of the pro-
duction and value of poultry, the Bureau of
Agricultural Economics obtains monthly reports
from crop correspondents who furnish poultry
data from more than 20,000 farms. At certain
seasons the reports include data on the mortality
of birds. Commercial poultry and egg producers
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likewise report mortality data. The combined
records provide the means of noting any unusual
conditions regarding deaths of poultry on farms
and in specialized poultry establishments.

In the Bureau of Entomology research work has
developed practical methods of controlling the
more common external parasites of poultry.
Information on these subjects is supplied by letter
and publications from the administrative offices
in Washington, D. C., and also by field stations.
With changing methods of poultry husbandry
new problems arise in the application of control
measures. These receive consideration so that
poultrymen may be reliably advised.

For the distribution of information the De-
partment of Agriculture has a well-developed
extension system, together with press, radio, and
publication services. This work is largely co-
ordinated with similar units in the States.

In connection with its press and radio services,
the Department maintains a seasonal schedule
so that information on control measures may be
timely. For instance, in most parts of the
country blackhead disease causes the heaviest
losses in turkeys in June and July, and again in the
late fall months, October and November. Pullo-
rum disease in chicks is most troublesome from
January to May, inclusive, and during November
and December. Fowl cholera is especially serious
from April to September, inclusive.

SUPERVISION OF IMPORTED POULTRY

The discussion thus far has concerned poultry
diseases of the United States and methods of

combating them. Attention is given likewise to
possible infection originating in foreign countries.
European fowl pest has invaded the United States
on a few occasions. Prompt action by coopera-
ting Federal and State veterinary officials eradi-
cated the outbreaks. The method consisted in
tracing the source of infection to all premises in-
volved, followed by the destruction of infected
birds and the thorough cleaning and disinfection
of premises, coops, and conveyances.

FLEXIBILITY OF DISEASE CONTROL

In closing I wish to emphasize the flexibility
of the measures used in dealing with particular
lines of work. No two problems are alike and
accordingly each case is dealt with as circum-
stances warrant. In the case of research work we
endeavor to bring all available science into a
focus on the problem. When the necessary facts
are available the next general step is to publish
the research findings promptly and then give
wide dissemination to means of application.
This so-called educational phase of the problem
is supplemented, in the case of the more serious
diseases, by inspection work on farms, in markets,
or both. In serious diseases having the threat of
an epizootic, such as fowl pest, there is a prompt
marshalling of veterinary forces under Federal
and State authority so that spread of infection is
prevented. Thus the general system of poultry-
disease control in the United States is essentially
one of applied science, administered by public
and private interests working in close coopera-
tion.

SOME CONTRIBUTIONS OF RESEARCH TO THE POULTRY INDUSTRY

By L. E. Cagp, Professor of Poultry Husbandry, University of Illinois, Urbana,
Illinots, U. S. A.

It is no small honor to be invited to address the
general scientific session of this, the Seventh
World's Poultry Congress, and I am deeply appre-
ciative of the privilege and the opportunity which
have been accorded me by those in charge of this
session. In presenting for your consideration
some thoughts on the contribution of research to
the poultry industry, I shall try to show what
some of the more important findings have been
and to suggest a few applications of these and
future results of research to the problems with
which poultrymen are confronted.

Scientific research, as it affects the poultry
industry, has become so broad and so complex
that no individual can hope to be fully conversant
with all its ramifications, nor even to understand
all its findings and applications. I can think of
no more certain way of becoming aware of this
than to undertake the preparation of a paper on
some such topic as that which has been assigned
to me.

Because the problems are so many and so varied,
those selected for discussion here have been
grouped under the headings of genetics, incuba-
tion and embryology, nutrition, physiology, endo-
crinology, husbandry practices, marketing, and
poultry-farm management. Health problems and
poultry-products research are being discussed
separately by Dr. Mohler and Dr. Pennington,
respectively.

RESEARCH IN GENETICS

The scientific approach to the problems of
poultry breeding is a comparatively recent devel-
opment, but it has been pursued with such dili-
gence and effectiveness that more is known about
the genetics of the fowl than about the genetics of
any other food-producing animal. It is fortunate
for poultrymen that the chicken has proved to
be well suited to genetic studies. This fact has
made it comparatively easy for the geneticist to
become interested in the practical problems of
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poultry breeding and to appreciate their signifi-
cance to the industry.

A vast amount of research must yet be carried
out before we shall know the complete story—if
indeed that ever becomes a reality—but the
poultryman of today has at his command a great
fund of exact genetic information, whereas the
poultryman of 30 years ago had nothing but prac-
tice to guide him. As knowledge of the facts
becomes more complete and more nearly uni-
versal, conscious use of the underlying principles
becomes more general, and poultry improvement
can proceed at a more rapid rate.

Significant among the contributions of the ge-
neticist is the demonstration of sex-linkage and
its wide application to the production of chicks
which can be easily and positively separated
according to sex at hatching time. When sex-
linked characters are used in place of cloacal
examination, the common complaints from pur-
chasers of sexed chicks are largely eliminated
because the customer can see the differences
between cockerel and pullet chicks when he takes
delivery and there is no chance for an argument
at a later date over the possibility that some
cockerels were deliberately included in an order
for pullet chicks. The possibilities and prospects
for auto-sex-linkage within breeds are to be dis-
cussed by Professor Pease of England in one of
the later sectional meetings.

Much of the recent work in poultry genetics has
been concerned with physiological characters, and
the results are likely to be extremely valuable in
their practical application. The nutrition worker
may sometimes feel that a test has been a failure
unless all the chickens in a given lot show symp-
toms of deficiency when placed on a supposedly
inadequate diet, but cooperation with the geneti-
cist may lead to a demonstration of hereditary
differences in respect to either minimum require-
ments for a certain nutrient or susceptibility to
the effects of particular diets.

Preliminary findings have already indicated
rather wide variations in minimum requirements
for vitamin D, and recent experiments both in this
country and in Europe have shown that White
Leghorns differ from Rhode Island Reds and
Barred Plymouth Rocks in possessing as a heredi-
tary breed characteristic a marked resistance to a
deficiency of vitamin B,. More investigations of
this sort are needed, and it is not unlikely that
important results will come from such studies.

Research in poultry breeding may aid greatly in
solving the most pressing problem confronting
poultrymen at the present time, namely, the high
mortality among pullets after they reach laying
age. Much of this mortality results from condi-
tions for which there is no known causative agent
and for which there have yet to be developed
effective control measures. There is increasing
evidence that selection and breeding on a family
or progeny basis will bring significant improve-
ment within as short a time as 3 or 4 years. If
stringent in character and specific in application,

such selection should produce stocks which are
much more valuable for commercial purposes than
are most of the stocks in existence today.

Another phase of poultry breeding which should
receive increasing attention, because of both eco-
nomic necessity and the encouraging results that
have already been reported, is selection for the
ability to maintain profitable egg production over
a period of several years. The expense of replac-
ing a large percentage of the flock annually arises
not only from high first-year mortality but also
from the rapid decline in egg yields after the first
year which, in turn, makes it imperative to have
a high percentage of pullets in a commercial flock.
A gradual change in this condition may be ex-
pected in the future, as research in genetics points
the way. The automatic selection for longevity
which is introduced by the practice of breeding
from old stock helps to lower the pullet mortality
while at the same time it builds a basis for longer
reproductive life.

INCUBATION AND EMBRYOLOGY

In what may be called applied embryology we
have an excellent example of how practical indus-
try problems serve to focus the attention of re-
search workers. Extensive development and ex-
pansion of the hatchery business have been pos-
sible only as public and private research has
determined the limits of tolerance for developing
embryos with respect to temperature, relative
humidity, oxygen, and carbon dioxide. The
application of these findings has resulted in the
construction of mammoth incubators which are
largely automatic in operation and which control
the various environmental factors within very
narrow limits.

Much progress has also been made in determin-
ing the exact nature of embryonic mortality. It
is frequently possible for a trained observer to
discover the cause of low hatches from a detailed
examination of the unhatched embryos. Certain
malpositions and definite peaks in the mortality
curve are sufficiently characteristic of correspond-
ing environmental conditions to be almost diag-
nostic in their significance. We have come far
from the conditions of 1851 which led one Ameri-
can writer to comment as follows:

Within two or three years past, an apparatus has
been exhibited, from time to time, in the city of
New York, called the American egg-hatching
machine. It is stated that it has been examined
by a large number of practical and scientific men,
who have strongly attested to its usefulness and
general adoption.

This machine is constructed of tin, or other
materials, with the brooding chamber surrounded
by water, warmed to a suitable temperature by
means of a spirit lamp, which, it is said, may
constantly be kept burning for less than ten cents
aday! The whole apparatus does not exceed two
and a half feet in length and depth, and is stated
to be capable of hatching from 200 to 600 chickens
at a time, with a loss of not more than two per
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cent, if the eggs are perfect, and if proper atten-
tion is paid to the temperature of themachine!
But here let us drop the subject. Inmy humble
opinion, all these ingenious imitations of, and
interferences with, nature, though they may
flourish for a day, (and flourish they cannot be
said to do), will pass away as things that were.

That old incubator has long since passed away,
but its descendants are with us in enormous num-
bers. Furthermore, in spite of all the improve-
ments which have taken place in incubator design
and construction, the annual toll of eggs which
fail to hatch is no less than 30,000,000 dozen, or
2,500 carloads, in the United States alone.
Clearly, the hatcheryman’s problems are not yet
completely solved. Much remains to be done,
both in actual research and in the practical appli-
cation of accumulated findings to field conditions.

It is probable that the most effective research
on these problems will not be concerned with
incubator operation or environment, nor with the
care of eggs saved for hatching, but rather with
the breeding stock from which the eggs are pro-
duced. The geneticist will be able to make ad-
ditional important contributions through the
identification and elimination of lethal genes, and
nutrition workers will undoubtedly find further
evidence of the favorable or unfavorable effect of
specific dietary constituents on reproduction and
hatchability.

NUTRITION

Successful feeding practice is much more com-
plicated and, as a rule, more difficult than it was
a few years ago. Rapid growth is demanded and
higher and higher egg yields are sought. In con-
sequence, the nutritive needs of fowls have be-
come more and more exacting while the available
feed supply has become more variable in kind
and quality.

Early hatching for the production of laying pul-
lets and the raising of winter broilers have made
it necessary to obtain increasing numbers of eggs
for hatching during the winter months, and this
has directed specific attention to the nutritional
requirements of breeding hens. It has become
very clear that modern methods of feeding and
management, although they have contributed
much to the establishment of a prosperous in-
dustry, make it essential that poultrymen have
an understanding of, or at least know how to
apply, the findings of scientific research.

Someone has said that the two most important
discoveries in agricultural research are Mendel’s
law and vitamins. Certainly the one has been
the stimulus to much detailed research on the
genes and their effects, whereas the other typifies
the painstaking and exhaustive inquiry which is
being made in the field of animal nutrition.

The optical measurement of vitamin A potency,
the artificial preparation of at least eight forms of
vitamin D, and the establishment of the chemical
nature of riboflavin are specific examples of com-
paratively recent accomplishments in the study

of vitamins, which are important in poultry feed-
ing. Still more recent is the discovery of panto-
thenic acid and the finding that it is important in
the diet of the chick. It has even been suggested
that this is the universal vitamin, that it is neces-
sary for the nutrition of all the higher forms of
animal life as well as for numerous plant forms,
and that it makes up an essential part of every
living cell.

The growth requirements of the chicken have
been studied and measured in terms of the daily
deposition of gross energy, protein, and minerals
in the new substance added during growth. The
shape of the growth curve as related to time, to
total feed intake, and to the composition of the
ration has been rather accurately evaluated, so
that we know just about what sort of performance
to expect under any given set of conditions. We
even have rather definite ideas as to maximum
growth rates and optimum levels of protein and
certain minerals at different stages of growth. In
fact, we probably know more about the specific
nutritive requirements of the fowl than about the
feed requirements of any other domestic animal.

Important findings have also been made with
respect to the effect of feed ingredients on the
quality of poultry products. Some of these find-
ings, such as the effect of feed on yolk color, have
led to extreme recommendations and practices,
but time can be depended upon to correct these
errors of judgment. The significant point is that
research has provided the answers to many ques-
tions concerning the specific effect of feed on eggs
and poultry meat.

PHYSIOLOGY

There are a few investigators, with a genuine
interest in the hen and the egg, whose intellectual
curiosity takes the form of a consuming desire to
understand the why and how of normal physio-
logical functions in the fowl. It is probable that
when the history of poultry research is finally
written this group of workers will have given us
some of the most valuable results in the entire
field.

The physiology of reproduction offers many
intriguing problems for study. Calcium metabo-
lism is an excellent example. How is it possible
for a high-producing hen to put out in eggs every
8 to 10 days as much calcium as is contained in
her entire body, and to continue to repeat the
performance for a year or longer? What mecha-
nism controls this highly efficient shell-forming
system so that the process is stopped when the
shell is scarcely one-third of a millimeter in thick-
ness? Why doesn’t the hen occasionally or fre-
quently make an eggshell which is 2 to 5 milli-
meters thick?

How does it happen that the forming egg in the
oviduct always lies with the small end foremost as
it proceeds down the reproductive tract? How
does the germinal disc become oriented so that
only rarely does the embryo develop in other than
what we choose to call the normal position with
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reference to the long axis of the egg? What is
the exact stimulus which touches off the process
of ovulation? These and many other questions
must be answered before we can say that we
understand the processes which are continually
taking place within the body of the fowl.

The surgical approach to physiology in the fowl,
made possible by the development of new and
easily used anesthetics, has added much to our
knowledge of normal functioning of the reproduc-
tive and gastro-intestinal tracts. Numbers of
hens have been kept in laying condition after
operative removal of various portions of their
oviduets. Artificial ova have been introduced
into the funnel of the oviduct and have subse-
quently received a full complement of white and
shell. Constrictions have been placed in the
upper part of the oviduct, and some hens so
treated have laid yolkless eggs without the stimu-
lus which might be supposed to come from the
presence of a yolk.

The time required for the various steps in egg
formation has been accurately observed in surgical
subjects by marking the position of the egg at
15-minute intervals. Eggs have been removed
from various portions of the oviduct in order to
determine their exact physical and chemical com-
position at different stages of development, and
those from the isthmus and uterus have been car-
ried to completion outside the body of the hen,
at least for the addition of thin white and the
formation of chalazae. Perhaps some enterpris-
ing physiologist will soon demonstrate that a hard
shell can be added to such an egg without any
assistance from the hen.

These examples are sufficient to show that the
physiology of egg production is receiving consider-
able attention at the hands of research workers,
and to suggest that much helpful information will
probably be uncovered during the next few years.

Physiology is likewise an essential part of the
study of nutrition in the fowl, and nutrition work-
ers are making good use of surgical and other
physiological techniques in the solution of their
many problems. A comparison of digestion coeffi-
cients for coarse and ground feeds in gizzard-
ectomized and normal fowls has shown conclu-
sively that the gizzard functions primarily, and
probably solely, as a grinding organ. Fowls from
which the gizzard was surgically removed have
lived for 3 or 4 years in apparently normal condi-
tion, showing that the gizzard is not essential to
health. Similar operative procedure can and no
doubt will be used to study the specific functions
of other parts of the alimentary tract of the fowl.

Radiological observations of the digestive tract
have been helpful in providing information con-
cerning its function. Most of such observations
have been made by the use of barium salts in the
lumen of the tract, but a recently developed tech-
nique involves the injection of a colloidal suspen-
sion of thorium dioxide directly into the walls
of the organ to be studied. This procedure has
been used with the crop, gizzard, and uterus of

the fowl and gives promise of furnishing new infor-
mation about the activity and movements of
these organs.

The physiological response of the hen to various
environmental conditions has become important
in the practical control of egg production, espe-
cially through the use of artificial illumination.
Hens can be made to lay all their eggs at night
instead of all during the day, or they can be made
to distribute their production uniformly through-
out the day and night, simply by adjustments in
the light schedule to which they are subjected.
Furthermore, they can be made to shift promptly,
i.e., within 3 or4 days, from day laying to night
laying if the light schedule is suddenly reversed.

The idea that the longer feeding day which fre-
quently accompanies the use of artificial light is
important in bringing about increased egg produc-
tion has been completely refuted. In fact, recent
experiments have shown that, with the right sort
of rations, hens can maintain their weight and
continue to lay at a reasonable rate when their
feeding time is restricted to a maximum of 1 hour
in each 24, or to two 20-minute periods approxi-
mately 12 hours apart. There is no reason to
suppose that such findings will have any imme-
diate or marked effects on feeding practices, but
they will help to clarify our understanding of how
the hen responds to her environment and may be
distinctly helpful in evaluating suggested new
practices which are often disturbing to the pro-
gressive flock owner.

ENDOCRINOLOGY

The glands of internal secretion exert a pro-
found influence on the appearance and functioning
of animal organisms, and the fowl is no exception.
Experimental studies have shown that quantita-
tive variation in the secretion of various hormones
by these glands is responsible for such things as
the onset or suppression of broodiness, the begin-
ning or end of a period of egg laying, the onset or
retardation of the molt, sex dimorphism in shape
and color of feathers, the activation of the testis
and ovary, and the level of blood calcium.

The hypophysis, or pituitary body, is of special
interest because of the several hormones which it
secretes and because of their different effects.
The gonad-stimulating hormone from the anterior
lobe of the hypophysis is responsible for the ac-
tivation of both the testis and the ovary in the
fowl. Secretion of this hormone is stimulated by
increasing the amount of artificial light which the
fowls receive. Activation of the ovaries, which
occurs when nonlaying hens are brought into pro-
duction by the use of artificial light, results in
increased secretion of the ovarian hormone. This
in turn induces changes in the head furnishings,
causing the combs and wattles to become red and
waxy. If now these hens be injected with pro-
lactin, another hormone from the anterior lobe
of the hypophysis, they will promptly cease
laying, their combs and wattles will shrink and,
if they possess the genes for broodiness, they will
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begin clucking, will remain on the nest and, in
short, will exhibit all the characteristics of a
naturally broody hen.

Toward the end of summer the decreasing length
of day affects the hypophysis so that there is
decreasing production of the gonad-stimulating
hormone. This in turn permits a reduction in
activity of the ovary with a decrease in egg pro-
duction and lessened secretion of the female sex
hormone. Reduction in the amounts of these two
hormones apparently permits increased activity
of the thyroid gland with consequent greater
secretion of thyroxin which, in turn, induces
molting. A nice balance among the several endo-
crine secretions is necessary if the hen is to per-
form as man wants her to perform rather than as
Nature intended. Research in endocrinology is
providing the basis for partial control of this com-
plex regulatory system.

HUSBANDRY PRACTICES

Husbandry methods and practices have been
influenced in various ways by the findings of re-
search, chiefly as scientific investigations have
developed and made clear the underlying prin-
ciples which could be used in evaluating both old
and new practices. Feeding methods, for ex-
ample, have been altered in order to provide better
sanitary conditions, and the same is true of ro-
tating yards and ranges, renewal of litter in brooder
houses, and other related practices.

Insulation of poultry houses has gained favor
because of its practical possibilities for increasing

winter egg production, but fundamentally it is-

based on the desirability of keeping the hens’
environmental temperature above the critical
points, which research has indicated as being
about 15° F. during the day when the birds are
active and 40° F. during the night when they are at
rest. Insulation is also of some value in keeping
summer temperatures below the point (approxi-
mately 85° F.) at which egg size is unfavorably
affected. Artificial cooling of poultry houses in
summer has not been used extensively, though
there are indications from rather limited tests
that it may be practical and advantageous in
those sections of the country where the humidity
is low enough to permit the evaporator types of
coolers to work efficiently.

Complete air conditioning has not found a place
in poultry management except where large num-
bers of young chickens or laying hens are kept in
batteries under conditions which materially re-
duce the cubic air space per chicken as compared
with the limits usually found in ordinary brooder
or laying houses. There is need for additional
experimental work to determine the optimum
temperature, ventilation, and humidity condi-
tions for fowls kept in confinement.

The selection of hens for egg production on the
basis of external characteristics is an outstanding
example of the influence of research findings on
poultry-husbandry practice. Information on this
subject has been so widely disseminated that

nearly every farm boy and girl knows how to apply
the principles of production judging. The im-

. portance of sunshine for growing chicks, the

value of cod-liver oil in winter feeding of poultry
flocks, and the place of milk in the ration of breed-
ing hens are examples of other practices which are
so widely accepted that the average flock owner
gives little if any thought to the research which
preceded them. Can we ask for any better evi-
dence than that the time and money spent for
research in poultry husbandry are yielding a
magnificent return? And as a corollary, should
we not derive from that very fact a suggestion of
caution lest we, in our enthusiasm, give flock
owners the impression that all our latest findings
are equally important and worthy of their imme-
diate acceptance? Perhaps never before has the
poultryman needed as much sales resistance, in
the sense of a calm determination to give careful
thought to suggested new practices before making
them his own.

MARKETING

Much valuable research has also been conducted
in the field of poultry and egg marketing. We
have learned that consumer preferences in the
matter of visible egg-quality factors are based
chiefly on the desire to be assured of high interior
quality. Many consumers are willing to pay a
premium for eggs of large size or for those of
known freshness, and most persons who buy top-
grade eggs do so frankly because they are pre-
sumably the best eggs obtainable.

As a result of research on egg quality we know
how most of the deterioration in quality occurs
and, what is more important, we know how to
prevent it. Increase in shell porosity, shrinkage
caused by evaporation, liquefaction of the white
through enzyme action and loss of carbon dioxide,
and weakening of the yolk by osmosis, have all
been studied in more or less detail. All can be
retarded by suitable holding conditions.

Certain other quality factors, such as egg size,
thickness and quality of shell, and percentage of
thick white at the time of laying, are hereditary
characteristics of individual hens and have been
shown to be capable of improvement by selection.
Repeated attempts to improve these characters
by feeding have served to confirm the conclusion
that the practical approach to improvements in
the quality of fresh-laid eggs is through the
findings obtained by genetic and physiological
research.

Investigations dealing with factors affecting
the quality of poultry meat have been less ex-
tensive, but some significant findings have been
made. The fundamental importance of selecting
breeding stock on the basis of the conformation
best suited to quality in market poultry has been
clearly demonstrated, and the advantage which
certain crossbreds possess in uniformity of de-
velopment and in rapid growth has been accepted
by many commercial broiler producers.

Studies have been made of the effect of feed
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ingredients on fleshing, finish, and distribution of
fat over the carcass, but practical application of
the results has been greatly hindered by the fact
that so much of the stock going into feeding sta-
tions in recent years would not stand more than
a few days of intensive feeding. Whether this
is directly correlated with the general problem of
pullet mortality in laying flocks or is related to the
special conditions existing in feeding stations is
not entirely clear.

The rapid growth of the commercial broiler
business and some development in other phases
of poultry-meat production suggest that more
attention might well be given to research on
factors affecting poultry-meat quality.

POULTRY-FARM MANAGEMENT

The poultry business, like nearly every other
productive enterprise, passes through periods of
relative prosperity and depression. There have
been times when the margin between costs and
income was so wide that nearly all persons en-
gaged in the business were making money, and
there have been other times when the major items
of cost were so high in relation to the prices re-
ceived for poultry and eggs that only the most
efficient operators could make a profit.

Cost-account records and studies of poultry-
farm organization have, however, brought out the
significant fact that, except for temporary malad-
justments in the price situation, the matter of a
high or low labor income depends almost entirely
on the poultryman himself. The possibilities
seem to be limited largely by the extent to which
he will adopt profitable practices and set up an
efficient farm organization.

Research in farm-business analysis has made
clear the economic importance of such factors as
size of business, egg yield per hen, labor efficiency,
farm layout, careful buying of feed, rigid culling,
strict sanitation, and eflicient marketing. It is
no easy task to make a poultry-farm business pay,
but research has provided the measures by which
the weak spots in any such business can easily
and quickly be determined if adequate records are
kept by the operator.

With cost and income data available from
studies made in many different localities, there
is no need for anyone to begin a poultry enter-

prise without an adequate picture of the financial
problems with which he will be confronted.. This
has been one of the intensely practical contribu-
tions of research to the poultry industry.

CONCLUSION

In this brief survey of research in poultry
husbandry, only a few items in each of several
fields could be given specific mention, but I think
we are fully justified in concluding that without
the facts which organized research has made
available, the poultry industry would be years
behind its present state of development. Many
of the results have not yet found wide application,
and some of them never will, but if no more than
5 or 10 percent of the research findings prove to be
of real practical value to the industry the benefits
will far outweigh the cost of the other 90 or 95
percent.

We have seen poultry research advance from the
stage of simple tests of feeding and management
practices to a point where some of the best-trained
minds in genetics, biochemistry, physiology, en-
docrinology, and a dozen other related sciences
are focusing their attention on the fowl and its

-products, both in the interest of the poultry

industry and in an attempt to discover principles
which may have a much wider application.

Those of us who make our living from poultry
husbandry, whether by the production and
marketing of eggs and poultry, or by one of the
many lines of endeavor which depend on the basic
fact that eggs and poultry are prized as human
food, should be ever grateful to those early
workers who showed the way to the exhaustive
and fundamental research of the present day, and
who helped to dignify the industry and the pro-
fession so as to insure the financial support which
is needed to make such research possible.

We also have a responsibility to the next
generation. More important than our interest
in the hen and her products, more important than
our enthusiasm for finding answers to new and
intriguing questions which involve research in
poultry husbandry, and more important than the
answers themselves, is the contribution which we
can make to better living for thousands of farm
families, and especially for the boys and girls who
will constitute the farm families of tomorrow.
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A REVIEW OF THE ACCOMPLISHMENTS IN THE FIELD OF POULTRY
PRODUCTS RESEARCH

By M. E. PExNINGTON, Consultant in Perishables
New York, N. Y., U. S. A.

The agricultural world is just pulling away
from an overpowering and almost exclusive desire
to “make two blades of grass grow where only
one has grown’. It is now recognizing that the
second blade may be useless, or worse than
useless, unless it can be carried, in good condi-
tion and with profit, to the ultimate consumer.
In other words, research for many years has been
contributing to poultry husbandry, but serious
investigations into the results of poultry hus-
bandry—that is to eggs and poultry after they
are produced, and what becomes of them—were
few and far between until about thirty years
ago. Since then the increasing economic im-
portance of poultry products and the complexity
of marketing problems has so stimulated research
that a voluminous literature has already appeared
and the current scientific journals of all sorts
attest to the great variety of topics under in-
vestigation and the excellence of the material
emanating from laboratories, packing houses, and
marketing centers.

The importance of such knowledge, in its prac-
tical application to all phases of the industry is so
great that I stand very humbly before you, feel-
ing my inadequacy to perform the task assigned
to me. To draw within the allotted period a
picture of the problems pertaining to poultry
products as illumined today by recent research;
and to carry over into the fields now barren of
facts those flashes of light which point the way to
the solution of the problems of tomorrow is to be
torn between the responsibility of the task and the
honor of being selected to perform it. I beg
your indulgence.

EGGS

It used to be that a market egg was ‘‘fresh’”
or ‘“not fresh’”’”. Consumers in a few localities
were interested in the color of the shell. Very
rarely one heard comments on the color of the
yolk. No one, unless he owned some laying hens,
expected reliably good eggs in winter, and the
price was very high. Consumption stepped up,
and so did the quality, in the spring, but the heat
of summer sent quality out of the window and
again eggs were in consumer disfavor. Research
gathered facts to assist in breeding for more eggs
per hen, for incubation, rearing chicks, and such
like production problems. About 35 years ago
the edibility of eggs which had been held in
cold storage came up for lively debate.

There began then a study of the chemistry,
bacterial flora, and keeping-quality of eggs in
market food channels which has continued ever
since. As the value of the egg crop has increased,
as the importance of eggs in the human diet

has been disclosed, and as the national losses due
to deterioration in quality between the producer
and consumer have forced themselves upon our
economic consciousness each part of the egg,
from shell to latebra, has been the subject of
research work. Let us look at these integral
portions of the egg and the sort of information
our studies have yielded.

Shell

We have some valuable information on the
thickness of the shell produced by different breeds
of hens and on different diets, especially in rela-
tion to calcium metabolism; and very important
that is to-egg marketing, as any shipper or re-
ceiver will tell you. There is a definite endeavor
in the industry to produce uniformly efficient
shells because poor shells account for financial
losses. There is a growing literature on the
histological structure and chemical composition
of the shell with practical pointers all along the
way to guide those who would know more about
the effect of many or few pores, of large or of
small pores, of the quantity of water in the
shell, the relative proportions of organic and in-
organic matter in their relation to stability of
composition of the egg meat as it journeys from
the hen to the consumer with all the vicissitudes
of time and temperature it may have to sur-
vive.

There are studies, also, of the bacterial flora
of the shell, and the organisms found upon it are
as numerous and varied as the types found in air
and water and soil and intestinal refuse. We
have been shown how molds work their way
through the larger pores and establish their myce-
lia on and then through the shell membranes and
so into the egg meat. We have valuable in-
formation on the effect of dirt or water on the
shell on the long time keeping quality of eggs in
cold storage. The more information we get, the
more respect we have for the part played by the
shell in the market history of eggs, and there is
still much information waiting for the research
worker to dig out.

Membranes

We have information on the chemical composi-
tion of the two membranes within the shell.
We need more research work on their functions,
and the role they play in the career of the market
egg. Casual observation shows that some eggs
have thicker, tougher membranes than others.
Some are almost colorless, some are tinted,
especially with a pink color. That is objection-
able when candling. There is a waiting field here
for some research worker.
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Egg white

The chemists studying proteins, long before the
market egg was an object for research, used egg
white as their type material for high grade albu-
mins. Incidentally, they determined the gross
composition of egg white. The egg candler
learned to correlate appearance with condition
of white with some success for market grading
but fell far short of attaining the accuracy de-
manded by the scientist. Until about ten years
ago there was a little factual knowledge of the
part played by the white in the market egg and
a vast number of opinions founded largely on
wishful thinking, a condition leading to endless
argument wherever two or three egg industry men
were gathered together. Facts from research
laboratories, scattered the width of this con-
tinent and from Europe as well, began to come in.
Many of the old arguments ended; there are still
many waiting to be ended.

One of the milestones along the road to knowl-
edge of eggs was the finding of a bag of thick white
containing thin white and the location and rela-
tion of the outer thin white and the very viscous
layer clinging to the yolk. Impetus to the study
of quality and stability of structure in the market
egg was given by the development of methods for
the quantitative and dimensional study of the
thick and thin portions of the white—several
methods each valiantly defended by its origina-
tor, and so leading to the accumulation of more
knowledge.

Meanwhile, the chemists were again studying
egg white,—this time to determine wherein were
the basic differences to account for the visual
differences; and so the mucin threads were found
and the story of enzyme action in the reduction
of thick to thin white was started—not told, just
started—and surprises came along with the figures
giving the distribution of the solids in thick and
thin white.

Endless have been the arguments of laymen
and scientists about the effect of the diet of the
hen on the white of the egg. So, when five years
ago or thereabouts, gossip came out of some
laboratories that the condition of the white in a
new laid egg was not due to feed nor to breed but
to the inherited ability in certain families to
produce eggs with thick whites and an inability
in other families to do so, both factions took a
long breath and in the ensuing arguing we have
learned, and are learning, more about egg white
than was in our wildest dreams ten years ago.
We are still arguing, but, better than that, calm
and dispassionate work in breeding pen and
laboratory and feeding battery is being carried
on. As in so many controversies, it would now
appear that a modicum of truth pervades both
their houses. Theinheritance forces were earliest
in the field. Their literature is the most volumi-
nous. Those studying the effect of feed are slowly
adding facts—not yet enough to do much more
than again to light the fire of discussion, but
inexpressably valuable in that they will act as

stimuli in obtaining more and more knowledge to
the ultimate advantage of all those interested
in the science and the business of the market egg.

The chemists have determined the pH of the
whole egg, of white, and of yolk. When the white
ages the pH goes to the alkali side. The new laid
egg contains carbon dioxide, as does the blood
of the hen. When the carbon dioxide diffuses,
the pH rises, liquefaction of the thick white is
accelerated, the egg loses some of its pristine
flavor and, to most people, is less palatable. By
charging the atmosphere with an adequate
amount of carbon dioxide, the pH of egg white is
maintained at approximately 7.9 and the rate of
deterioration is markedly slowed.

England and the Continent are using gas storage
for eggs extensively. The United States has done
but little commercially. It is possible that the
method would have advantages in certain re-
stricted fields of egg storage in the United States.

Yolk

Research has proven that the color of the yolk
is entirely dependent upon the amount of xan-
thophillic acid compounds fed to the hen—in
other words, upon the amount of green feed and
yellow corn. Long, detailed, and most pains-
taking investigations have shown that the hus-
bandman can furnish yolks of any depth of yellow
desired. He can furnish red yolks if he feeds
pimento peppers. Experimentally the investi-
gator can produce eggs with yolks which are
colorless or of a sickly gray—mno one would wish
them commercially.

Have we given the vitelline membrane the at-
tention it deserves? I doubt it. Histologically
we know its cellular structure. Its breaking
strength has been measured as a means of de-
termining deterioration. We may find interesting
information if the influence of breeds, feeds, and
inheritance factors on the vitelline membrane are
studied.

The white layers of yolk were not supposed to
play arole in market eggs until research indicated
that the translucent areas frequently observed
on the yolk and breaking the continuity of its
glistening yellowness are due to an incomplete
layer of either white or yellow yolk, so permitting
the layer just below to be seen. Is the white
yolk laid down at night, and the yellow yolk in
the daytime? From very recent publications it
appears that we need more information on this
whole subject of white and yellow yolk and their
deposition.

Most important, however, from the viewpoint
of the market egg is the prevention of chick de-
velopment. It is Mother Nature’s concern that
the egg produce a chick. Beyond that she is not
interested. Those dealing with eggs as a food
for man are concerned in preventing the egg
from becoming a chick-—so concerned that the
flocks producing eggs for food are guiltless of
cocks. True, research has fixed the temperature
at which proliferation of the cells of the embryo
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may be expected and the engineer has constructed
refrigerating facilities for the maintenance of
temperatures below the danger line. But research
has also shown—and experience has abundantly
verified,—the rapidity with which those embryo
cells divide once the temperature is favorable.
Hence we find more and more flocks without male
birds where eggs are a specialty, and greater and
greater care on the part of the general farmer to
isolate his pullets.

Thirty years ago such precautions were almost
unheard of. Only by the reiterated findings in
the research laboratory and continuous precept
and example to the farmers have they been
brought about. But let no one think the job is
completed!

Chemically the yolk is remarkably stable—na-
ture sees to that for the sake of the chick—and as
a package of nutritive compounds it is hard to
beat. The less stable white and the vitelline
membrane in the infertile egg are the undoing of
the yolk as the market man sees the problem.
The loss of viscosity in the thick white permits the
yolk to floate near the shell. The passage of water
from white to yolk, in an endeavor to establish
osmotic equilibrium, strains the vitelline mem-
brane and what was a yellow sphere becomes a
flattened disk. Laboratory work has shown a
definite relation between the thickness and the
diameter of the yolk—the ‘‘yolk index’’ as it is
called, and the quality of the egg. The two in-
dices—that of height of thick white to diameter
and of width of yolk to height—are invaluable in
judging deterioration in the opened egg with
which we endeavor to correlate the appearance of
the egg before the candle.

Consumer acceptance

The consumer is the judge and the jury. What
the consumer accepts, prefers, and will pay for,
is to be provided by the egg industry regardless
of all else. True, the consumer can be and is
being educated to exert an intelligent preference
and, right here, we should pay our respects to the
pioneer work going on in the education of the
public in matters relating to poultry products.
Without such work the chances for the utilization
by the industry of many of the scientific facts
would be gray, indeed. Such educational work
should be encouraged by all means.

Consumer acceptance involves an accurate and
reliable separation of market receipts into grades
which have significance to the consumer. The
consumer sees an egg out of the shell, or as cooked
in the shell. The consumer does not see the egg
before the candle. Research has given in-
valuable assistance in the making, by means of
candling, of grades of eggs which do have a definite
value to the consumer. Research has unearthed,
also, facts regarding the individual eggs which
are invaluable to the industry at large and to the
army of serious men working to improve it. Not
all of these facts are pertinent to making grades
of market eggs which have preference differences

to the consumer. We now need research to
determine, from the practical side of the market
man and his customer, the relative importance of
the things we see before the candle, or what we
think we see. That is a field in which scientists,
Government officials, the industry and the con-
sumers must cooperate. Until they do, no one
can fully benefit from the researches finished and
in progress or planned. They are buried in the
dark of library shelves instead of shining forth
from the counters of the retail stores.

Frozen eggs

This is a great industry, soon to encircle the
world, because egg breaking is progressing in
Central Europe as well as in China and the
United States. It is an example of how scientific
research, accepted and utilized by a troubled
and discredited industry, can lead to one which
is profitable, respected, and economically sound.
Research, conducted cooperatively and with a
definite goal in mind, by chemists, bacteriologists,
and refrigerating engineers is directly responsible
for the frozen egg industry today.

Publications in scientific journals setting forth
the knowledge obtained are not as numerous as
we would like to see them. We do have papers on
the chemical composition of whites, yolks, and
whole eggs, on the bacterial flora of frozen egg,
on the physical changes which egg undergoes to
make it more and more viscous as the holding
period in the freezer lengthens, and we have an
enormous amount of information if we pick and
choose from the statements made to the patent
office and from which patent rights have been
granted.

Dried egg

Commercial research is almost entirely
responsible for the development and utilization
of data on which to manufacture an acceptable
dried egg. It is recorded almost entirely in the
Patent Office.

The dried egg white from China, naturally
fermented, has been studied and an artificial
fermentation reported on, as well as a thinning
of the white by means of enzyme action and by
strong acids, such as sulphuric. China has been
the great producer of dried egg. With altered
conditions in the Orient, the United States is now
developing a dried egg industry. We may, there-
fore, expect additions from the scientific research
workers to our knowledge of the subject.

The nutritive value of eggs

How do we stand on our knowledge of the end
and aim of the market egg, the nourishment of
man? Not so badly as some suppose though the
field for further researches is enormous.

As the chemists studied egg albumen as a proto-
type of proteins, so have physiologists used egg
white in studies on digestion of proteins, begin-
ning as far back as 1833 when Beaumont fed
Alexis St. Martin.
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Studies on vitamins in eggs, notably A, D, and
G, have put eggs as foods in a class by themselves.
Phosphorized fats in egg yolk and yolk proteins
are outstanding in food value.

Studies on the mineral content of eggs have
been made and feeding experiments to show the
availability of the iron in the yolk with and
without the addition of copper. Recently there
has been published a critical review of investiga-
tions on the nutritive value of eggs, which is a
mine of information as well as a stimulus to
further research.!

Preservation of eggs

For years the preservation of eggs has been
associated with ‘‘cold storage’”’, and research
work pertained to the behavior of eggs under
refrigeration for seasonal periods. Tempera-
ture, humidity, the physical condition of the shell
and the interior were all taken into account.
Recently the field has been widened in that we
are studying the effects of various production
factors on the stability of the composition and
structure of the egg. We are learning, also,
something of the effect of inheritance factors,
such as thick white, on the keeping quality of the
market egg. In the past we have done much to
learn about the physical conditions prevailing in
the warehouse and their effect on quality. Now
we are giving, as we should, more attention to the
egg going into the warehouse and how eggs from
hens of certain strains or on certain diets will
behave when refrigerated for several months.
This is a promising and important field for re-
search. It islikely to solve many a controversial
question and to point the way to the reduction of
many a financial loss. Most important of all we
are likely to learn how we may maintain con-
sumer acceptanceduring the season of eggscarcity.

POULTRY

When the bird leaves the farm to become food
for man, we absolve the poultry husbandman from
further responsibility. It now becomes the ward
of the manufacturing, marketing section of the
industry and the research work assumes an
entirely .different character. To be sure, the
packer and the distributor are distinctly limited
in their field of operation by the kind of chicken
which the farm sends to them. Most often the
packer must supplement the farm feeding, if
well fatted, tender meat is to be produced. This
holds true for even the broilers and fryers grown
in the specialized ‘‘broiler factories’’, as they
are called, now prevalent on the Eastern Sea-
board and appearing in certain localized areas
in the Midwest.

Fleshing

The commercial fleshing of poultry in feeding
stations is an enormous industry and as such has

1 A review of investigations on the nutritive value of eggs,
Mary SwARTz RosE and ELLa McCoLLuM VABLTEICH. Journ.
Am., Diet. Ass'n., Vol. 14, No. 8. October 1938,

commanded the attention of scientific workers
for many years. Feeds, breeds, length of feeding
period, age in relation to gains in weight, air
conditioning of feeding stations and a host of
other pertinent subjects are treated of in the
literature. Yet the effect on the practices of the
industry is peculiarly small. Each packer’s feed-
ing station is handled as its owner deems most
profitable to his business. Two packers in the
same town, drawing supplies from the same
territory, will operate their feeding stations quite
differently.

Obviously, there is much to be learned about
feeding poultry to manufacture flesh for food
purposes. And, obviously, the packer should
know the main issues to which the poultry pro-
ducer is devoting himself in order to improve his
birds. Vigor is one of the most important sub-
jects now under investigation. The cry of the
packer is that he cannot feed the birds in his
feeding station for more than a few days, whereas
20 years ago the birds ate and thrived and grew
soft meated for two weeks or more. Why? We
are still awaiting a satisfactory, comprehensive
answer.

The current literature is full of excellent fun-
damental studies of the part played in nutrition
by various chemical compounds—vitamins, hor-
mones and minerals. As yet these basic facts
have not been correlated and applied to the
problem of commercial fleshing, but it would seem
that the time is almost ripe to do so. We have,
also, many isolated rather short studies of one or
another subject connected with fleshing, fre-
quently applying to a local problem or to some
special condition. Again there is the task of
comparing, correlating and evaluating this rapidly
growing literature.

Economic conditions stimulate the strains and
the breeds which develop the greatest amount
of meat in the shortest time, and breeders are
doing some good work along that line. Demand
for quality as well as economics points to studies,
again genetic, to provide body shape acceptable
as meat birds and such investigations have been
published, while additional studies are in the
offing.

The effect of various grains when fed singly or
in mixtures, corn often being the basic grain, has
been the subject of research for years, yet the
topic is not exhausted and some recent work is
very valuable. We have studies on supple-
menting the cereal foods with the various vitamins
and hormones, especially cod-liver or other fish
oils carrying vitamins A and D. A great field
awaits someone! Indeed, with our newer knowl-
edge of the composition of proteins and especially
of supplementary foods and our growing knowl-
edge of substances stimulating growth in size,
it would seem that we stand upon the borders of
a new era in fleshing breeds and strains of poul-
try adapted to that specific purpose.
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Killing, bleeding and defeathering

About 30 years ago when, under Government
auspices, a pamphlet was issued giving informa-
tion on the bony anatomy of the chicken’s head
and its blood vessels, with instructions on bleed-
ing and defeathering, there were some patronizing
smiles -within the group of ‘“‘pure scientists’.
Little did anyone then know of the field awaiting
investigation! Of scalding versus dry picking,
and their effect on keeping quality. Of wax as
a defeathering agent. Of a dip in meoderately
hot water to assist in picking and, last but not
least, of the use of the electric current to kill
poultry. Indeed, the field is still largely open.
We speak of ‘“well bled” and of ‘“poorly bled”
birds, but we have no quantitative criteria by
which to gauge success in removing blood from the
carcass. We know by visual observation when the
feathers are removed but we have no accurate
knowledge of what has happened to the feather
follicle during the process. We do know that
scalding lowers the keeping quality and renders
the birds more susceptible to freezer burn. We
do not know why. We have some evidence in-
dicating an effect on the skin and on the fatty
layer under the skin of defeathering by the ‘‘semi-
scald” method, in which the bird is plunged into
water at about 126° F. for 20 or more seconds.
We do not have comprehensive information and,
considering the enormous volume of poultry so
defeathered, it is very desirable that a careful
study embodying the bacterial, histological and
chemical history be made of this process. The
same may be said from the viewpoint of scientific
basic facts of the wax method of defeathering,
which has been so well worked out from the
commercial side for adaptability and practicality.
We must never lose sight of the extreme delicacy
of the layer of fat below the skin, nor of the very
specialized structure of the skin itself to perform
protective functions.

Indeed, the entire field of killing, bleeding, and
defeathering is almost barren of facts based
on research employing up-to-date laboratory
methods. Some results have just been published
on killing by means of an electric current which
may, and we hope will, act as a stimulus to other
investigators to pursue the subject into the many
avenues on which it touches.

Removal of animal heat

But little has been done from the scientific aspect
of this subject since the Government bulletins
dealing with the preservation of poultry flesh were
issued more than 20 years ago. Poultry packers
have improved the facilities for cooling from an
engineering standpoint. Individually, they have
acquired a great amount of practical experience
in the adjustment of temperatures, humidity, air
circulation, and speed of cooling. But a critical,
constructive, exploratory study looking backward
to the methods of feeding, killing, and defeather-
ing, and forward to the marketing routine, has

still to be made. No packer of experience will
question the importance of such a study.

The poultry industry of the Midwest, in the
interest of minimizing deterioration and prevent-
ing the enormous food and money losses which
followed the shipping of poultry ice packed to the
Eastern Seaboard, adopted almost exclusively
cold air as a means of removing animal heat. For

- more than 15 years the great bulk of the tonnage

of dressed poultry from the Midwest has moved
dry packed. Studiesunder Government auspices
of the comparative rate of deterioration in wet
packed versus dry packed birds showed an in-
creased rate of multiplication of bacteria in the
flesh and an increased rate of chemical decomposi-
tion of fats and proteins in the wet as compared
with the dry packed, when the results were calcu-
lated on a basis adjusted to the amount of water
absorbed by the carcass of the wet packed bird
and the loss of soluble proteins which are
leached out.

During the past five years a very large produc-
tion of poultry has sprung up on the Eastern Sea-
board. These birds, originally marketed alive,
are now too numerous to be limited to that trade.
Many being dressed for market are cooled and
shipped in water and fine ice. Market gluts are
forcing freezing and holding in freezer storage.
So far there has been no authoritative, impartial
investigation of the effect upon the edible quality,
the chemical composition, and the perishability
of birds so bred, raised, and cooled. It is emi-
nently desirable that such a study be made. Prac-
tical observations indicate an extreme delicacy
of structure which increases the difficulties attend-
ant upon dressing for market and holding in
freezer storage.

Freezing

The greatest hazard which dressed poultry faces
is its extreme perishability. Therefore, the task
of finding ways which will reduce perishability to
a minimum. Sterilizing the flesh by heat—can-
ning, as we call the commercial application of
sterilizing by heat—is the most efficient, but the
field for the utilization of canned chicken is
limited. Hard freezing comes next, and since
this practice is the best way we, at present, have
of preserving the original composition of the bird,
it is the most popular.

Ever since the start of this practice the tempera-
tures used have been slipping down. Twenty-five
years ago 10° F. was in common use. Then the
industry used 5° F., and now we speak casually
of —25° to —50° F.

Researches under Government auspices were
the most prolific sources of information in the
early days of frozen dressed poultry, though
chemists in certain industrial laboratories made
valuable contributions to our knowledge of the
effect of low temperatures on bacterial prolifera-
tion, cellular structure, and the denaturing of
proteins. About the time of a resumption after
the war of peace-time research came some accurate



SEVENTH WORLD’S POULTRY CONGRESS 37

data on what was termed ‘‘quick freezing’’, that is,
passing through the zone of the freezing out of
water in the shortest practical time. Applied
first to fish its beneficial effects were unassailable.
The consumer accepted fish so frozen. The
problem was intriguing to engineers, physicists,
chemists and bacteriologists. Investigations got
underway in many laboratories in record-breaking
time. The fact that fruits and vegetables could
be preserved by this method in a condition accept-
able to the consumer brought horticulturists,
plant physiologists and pathologists, and a quite
different group of chemists and fungologists into
the picture. There has resulted an extensive
literature of exceptionally high grade work, and
the papers are still coming.

Upon poultry, as such, there has been but little
done. Upon meats, in general, much more has
been done. Up to a certain point we may accept
the basic facts of meat freezing as applicable to
poultry. For the facts pertaining strictly to
poultry flesh, we look for clarification to the
results of studies now underway.

One of the unsettled and very important ques-
tions is to how low a temperature we can subject
poultry flesh without so denaturing the proteins
that they will not again unite with the water
frozen out of them. We know from reliable
studies that in beef 71.3 percent of the water pres-
ent is frozen at 21° F. and 100 percent is frozen at
—67° F. We know, also, that when the ‘‘bound
water’’, so called, is frozen the protein does not
completely reconstitute on thawing. While we do
not now have exact data on the “bound water’ in
poultry flesh we have enough information to con-
clude that —30° F. is a safe lower limit and that the
range of —20° to —30° F. is commercially satis-
factory according to present market requirements.
Below —40°F. we may find it difficult to reconsti-
tute on thawing.

The term ‘‘quick freezing’’ is being loosely used.
Strictly, and as used in the scientific literature, it
requires that the “zone of maximum crystal for-
mation’’, which means solidification, be passed
through in 30 minutes or less. The temperature
ranges from 31° to 25° F. As we have seen, only
about three-fourths of the water present is frozen
within the above temperature range and we must
drop to well below zero if we are to obtain a proper
balance between water crystals and bound water.

Commercially we are more apt to employ a lower
“sharp freeze’’, that is a temperature in still air
of —10° to —15° F., with poultry in packages of
such thickness that from 6 to 24 hours are required
to freeze solidly. While such a practice is supe-
rior to freezing at 0° F. or somewhat above, the
maintenance of the integrity of the cytological
structure is not the same as in true ‘“‘quick
freezing”.

The problem is not only the initial formation of
small crystals. One must keep them small. Re-
search has shown that storage at temperatures
below 0° F. is necessary if the growth of crystals
is to be prevented. The indications are that the

water freezing out at the lower temperatures melts
and so adds to the size of the crystals formed at
higher temperatures. The same thing happens
when the storage temperatures fluctuate and the
higher the temperature of the storage room, the
greater the effect.

Dehydration during storage has come in for con-
siderable study, but more is needed. We know
that ‘“freezer burn’’ is due to desiccation of the
skin and of the underlying tissues. It interferes
with the good appearance of the birds and accord-
ing to one investigator who has studied fish espe-
cially, it interferes with flavor. ‘‘Pockmarking’’,
which is due to the drying out of the tissue around
the feather may, according to certain research, be
closely associated with the disturbance during
defeathering of the fatty layer just under the skin.
If so, we have an additional reason for a closer
study of the results of our various methods of
removing the feathers.

Since freezer burn is dehydration, obviously
there is a point where water vapor in the air of
the storage room will be in equilibrium with the
vapor pressure of the flesh and there will be no
evaporation. Some very valuable basic informa-
tion has been obtained which shows that the lower
the humidity in the storage room, the sooner sur-
face drying appears and the more extensive it
becomes as time goes on. For instance, at a
relative humidity of 80 and a temperature of
—7° F., freezer burn appeared in 11 weeks, and
after a storage period of 30 weeks, 5-10 percent
of the skin area was affected. The same relative
humidity, 80 percent, at +7.5° F. gave 20-25 per-
cent of the skin area affected after 83 weeks.
However, there was no freezer burn at either tem-
perature when the relative humidity was 95 per-
cent and very little when the humidity was
90 percent.

It is possible to raise the humidity in freezers
either by reducing the temperature or by intro-
ducing water vapor, since there is a slow but
definite evaporation of ice crystals. More study
is needed on this whole subject of freezer burn
versus temperature and humidity. It would
seem, since this is admittedly the age of the pack-
age, that concentrated efforts in this field should
bring valuable results.

Eviscerated pouliry

On the subject of eviscerated poultry we can
touch but gently until research enlightens us fur-
ther. Most of the literature at present deals with
the opinions of the writers rather than hard facts
and the acceptance or nonacceptance by the dis-
tributing trade and by the ultimate consumer.

Some cooking tests made upon birds, drawn and
undrawn, put through a routine approximating
good market handling gave results in favor of the
drawn birds. Such findings, however, must be
supplemented by studies of birds actually on
markets at different times in the year and with
birds of different ages and where sale and con-
sumption is prompt and where it is not prompt.
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There should also be similar studies made on birds
in the round where the time elapsing since the last
feeding has permitted the gut to be fairly well
emptied, as compared with the present practice of
killing while the gut is normally full or even
plugged in order to increase the apparent gains
in the feeding batteries and the ultimate weight
in the round after the bird is killed and picked.
Studies under Government auspices, unfortu-
nately never published, indicated damage to keep-
ing quality and to flavor by killing when the bird
is in feed, and research later in England stresses
the need for adequate emptying of the gut before
killing if stability of quality is to be conserved.

Economically, much is to be said in favor of
drawn poultry. There would be a saving of about
25 percent in the tonnage shipped. The offal
could be made into fertilizer. Possibly, the
glands now discarded could be used as a source of
therapeutic agents, but their size is so minute
that unusual qualities would be necessary to make
utilization practical.

There is a preconceived idea that the birds
should be drawn before the removal of animal
heat and the carcasses quick frozen at once.
Sober science neatly disposes of such psychology
by showing that if quick freezing is to perform its
proper functions, especially in connection with
the ““weeping’’ or ‘‘dripping’’ of the flesh on thaw-
ing, the birds should hang for twenty-four hours
at 32-34° F. before freezing. If frozen while warm
there is no advantage in quick freezing. We do
not know the mechanism of these postmortem
changes in muscle, but research now underway on
poultry and what has been done on beef, mutton,
and pork, indicate a tendering process as well as
certain changes in flavor and a coagulation of
muscle protein which may have a deeper signifi-
cance than we are now aware of.

Transportation

Just as temperatures in the freezer storage have
gone lower and lower, so are we pushing down tem-
peratures in refrigerator cars. From time to time
the railways offer an improved car to Govern-
ment agencies to be studied and the results are
generally encouraging.

Ice, or ice and salt, is still the preferred refrig-
erant. Heavier insulation, that is up to six inches
of corkboard, has been relied upon to prevent
thawing of frozen products.

Mechanical devices with moving parts are not,
so far, sufficiently foolproof to be trusted in a
refrigerator car. But now there is under develop-
ment a car cooled indirectly by solid carbon diox-
ide, in which the temperature can range from
40-50° to 0° F. and which bids fair to be practical
from both economy and efficiency viewpoints.
We should watch the journals of refrigerating
engineering for {urther reports on the progress of
this device.

SUMMARY

In spite of the relatively short period during
which poultry products have been considered
objects for scientific research, an extensive litera-
ture has developed in the fields of genetics, chem-
istry, physics, bacteriology, and nutrition. Even
so, as one critically considers the problems facing
the industry in the marketing and the preparing
for market of poultry products, the empty spaces
in our field seem larger than those covered or even
partly covered by scientific facts.

Yet we have a sprinkling of endeavor here and
there over a territory so wide that we cannot hope
ever to exhaust it and so fundamentally important
to agriculture that no commonwealth could permit
interest to lapse. At long last, the poultry indus-
try exists because eggs, like milk, are a unique
food for which there is no substitute; and poultry
flesh can be produced so quickly and so easily as
compared with cattle and even with hogs, that it,
like fish, is an economic insurance against a short-
age of meat proteins.

To hit the highlights of scientific research in
the field of poultry products as we have tried to do
in this brief survey of the subject, leaves one out
of breath, but keenly alive to the fact that here is
a great—a very great—opportunity for those
trained in widely separated scientific fields to
explore cooperatively territories new and rich
beyond expression, not only in scientific facts but
in the application of those facts to the betterment
of modern living.
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SECTION 1.

GENETICS AND

PHYSIOLOGY

CONTRIBUTIONS OF GENETICS TO PRACTICES IN POULTRY BREEDING

By D. C. WARREN, Professor of Poultry Husbandry, Kansas State College,
Manhattan, Kansas, U. S. A.

Owing to its inherent limitations, the science
of genetics frequently has been disappointing to
the practical breeder in failing to provide an
immediate solution to his many problems. The
characteristics of the fowl, such as fecundity,
rate of growth, body size, and egg size, which
have greatest economic significance, have usually
been of a strictly physiological nature. Such
characteristics, which have been somewhat un-
yielding in the hands of the breeder of poultry,
have been perplexing to the geneticist also in his
attempt to analyze their genetic make-up. The
complicated genetic constitution of these char-
acteristics and their susceptibility to the influence
of the environment have retarded progress in con-
structive breeding and complicated the genetic
" analysis.

It is probably true that the greatest contribu-
tion of genetics to poultry breeding has been the
development of a new technique of attack. The
initiation of the practice of this technique was the
reason for Mendel’s success, whereas his predeces-
sors had repeatedly failed in the recognition of the
laws of inheritance. Mendel’s contribution was
the focusing of attention on the results of single-
pair matings as a unit, rather than on massed
results. Mendelian technique when applied to
practical breeding problems is progeny testing.
In the progeny test, the estimation of a breeding
animal’s value is based on the qualities and
performance of its offspring. From a genetic

viewpoint, it is a method of estimating the rela-
tive inherent make-up of the parents by the ap-
pearance of desirable and undesirable characteris-
tics in their offspring.

Because of the large numbers of individuals
which may be used in the operations, the fowl is
better adapted to the use of the progeny test in
constructive breeding than any other domestic
animal. The successful early poultry breeders
probably utilized the progeny test to a greater
degree than they realized. It is only in recent
years that large numbers of practical breeders
have recognized the possibilities of systematic
application of the progeny test for the fixation
of the desirable characteristics in the fowl, and
the elimination of the undesirable ones. With
the more general adoption of this technique of
breeding, a great stimulus to poultry improvement
may be anticipated.

Because of the paucity of workers and the rather
extensive facilities needed for such investigations,
advance in the field of poultry genetics has been
rather slow. However, the work is gaining mo-
mentum each year. The application of the
knowledge of sex-linkage to the problem of sex
recognition at hatching, the possibilities of breed-
ing for disease control, and the utilization of genet-
ics in solving the problem of broiler feathering
are instances in which the geneticist has made,
or shows promise of making, contributions of
immediate economic importance.

DIE ERBLICHKEIT DER BRUSTBEINVERKRUMMUNGEN BEIM HUHN

Von P. CARSTENS und J. PRUFER, Aus dem Institut fiir Tierzuchtlehre der Landw.
Hochschule Hohenheim, Deutschland; Direktor: Prof. Dr. Carstens

Im Verlauf der planmiifligen ziichterischen Bear-
beitung unserer Gefliigelbestiinde konnte eine
grofie Anzahl von Anomalien nachgewiesen
werden, denen zum Teil Erbfaktoren, zum Teil
andere Ursachen, Umweltseinfliisse usw. zugrunde
liegen. Die Schiden, die dadurch unserer land-
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wirtschaftlichen Wirtschaftsgefliigelhaltung ent-
stehen, sind naturgemifl auBerordentlich ver-
schieden. Es ist eine lange Reihe, die sich uns
aufzeigt, angefangen bei den Anomalien, welche
die Leistungsfihigkeit unserer Bestinde iiber-
haupt nicht oder nur wenig beeintrichtigen, iber
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die schweren Leistungsschiden bis endlich zu den
absoluten Letalfaktoren. Es ist daher auch
durchaus verstindlich, daB die angewandte Gene-
tik diesen Problemen ihre besondere Aufmerksam-
keit schenkte. Die Beschiiftigung mit diesen
Fragen geschah nun aber durchaus nicht allein
aus der Freude heraus, den Erbgang des einen oder
anderen interessanten erblichen Merkmals durch
eine Faktorenanalyse klarzulegen, sondern vor
allem auch mit dem Bestreben, die ziichterische
Praxis von leistungsmindernden Faktoren zu siu-
bern bzw. sie vor der weiteren Ausbreitung
bestimmter zuchtschidigender Faktoren zu be-
wahren. Zu einer solchen Anomalie schlechthin
werden nun auch die Verkriitmmungen des Brust-
beins bei unseren Hithnern gerechnet.

Bei Einrichtung des Reichsherdbuches wurde
diese MiBbildung des Brustbeins auf alle Falle fiir
so nachteilig angesehen, daf Hihne mit ver-
kriimmten Brustbeinen nicht angekért werden
durften und demnach auch in der Zucht keine
Verwendung finden konnten. Da man zu diesem
Zeitpunkt jedoch weder sichere und ausreichende
Unterlagen iiber die Stirke der Ausbreitung dieser
Anomalie in unseren Bestinden zur Verfiigung
hatte, noch FErgebnisse iiber die Beziehungen
zwischen den vielseitigen Leistungen unserer
Hithner und dieser Miffbildung vorlagen, mufiten
exakte Experimente in Angriff genommen werden,
um die einzelnen hier aufgeworfenen Fragen ein-
deutig und klar beantworten zu koénnen.

In groBangelegten Versuchen wurden zunichst
in mehreren Untersuchungen die Beziehungen klar
gelegt, die zwischen Verkrummung, Umwelt, Le-
geleistung Fruchtbarkeit usw. bestehen. An
einem Material von rund 2 800 weiflen Leghorn und
rebhuhnfarbigen Italienern sind wir nach 33 jah-
riger Arbeit dabei zu folgenden Ergebnissen
gekommen? 2 3:

1.—Die Brustbeinverkriimmung tritt zwar am
hiufigsten bei jungen Hithnern, also wihrend der
Jugendentwicklung auf, befillt aber auch noch
altere, ja drei- und vierjihrige Tiere. Sie ist also
an kein bestimmtes Alter gebunden.

2.—Die Sitzstangen iiben eine stark begiin-
stigende Wirkung- im Auftreten der Verkriim-
mungen aus.

3.—Die Verkriitmmungen beeintrichtigen die fiir
uns ausschlaggebenden Leistungseigenschaften
der Hithner (Legeleistung, Fleischleistung, Ge-
sundheit, Langlebigkeit, Dauerleistung, Befruch-
tung, Schlupf- und Aufzuchtergebnisse) in keiner
Weise. Sie sind demnach nur als Anomalie, nicht
aber als Konstitutionsschwiche zu werten.

1 CarsTENS, WENzLER und PrUFER: Untersuchungen iiber
die Verkrimmungen des Brustbeins beim Huhn. Archiv f.
Gefliigelkunde, 10, 4/5. 1936. .

2 Bigcert, Hans: Untersuchungen uber Brustbeinverkriim-
mungen bei weillen Leghorn und rebhuhnfarbigen Italienern.
Diss. Hohenheim. 1936.

3 CarsTENs und PrUFER: AbschlieBende Untersuchungen
iber die Verkriimmungen des Brustbeins beim Huhn, insbe-
sondere die experimentelle Erforschung ihrer Erblichkeit.
Archiv f. Gefligelkunde, 12, 3. 1938,

Die letzte und endscheidendste Frage: ‘‘Han-
delt es sich bei den Verkriimmungen um ein
erbliches Merkmal?’’, konnte natiirlich nur durch
den Vererbungsversuch beantwortet werden.
Uber das Ergebnis dieser experimentellen Unter-
suchungen soll nun im folgenden niher berichtet
werden.

Im Zuchtjahr 1937 wurden 2 Leghornzucht-
stimme zu je 14 Tieren wie folgt zusammen-
gestellt:

Stamm L 8

7 Hennen mit geradem Brustbein
@ Eierleistung im 1. Legejahr 242,3 l
L Hahn mit ta-
7 Hennen mit sehr stark verkriitmmtem; X dellos geradem
Brustbein Brustbein

¢ Eierleistung im 1. Legejahr 239.7

Stamm L 9

7 Hennen mit geradem Brustbein

& Eierleistung im 1. Legejahr 239,6 1 Hahn mit sehr

7 Hennen mit stark verkriimmtem Brust-r X ii:rl::;j,:m
?Jem. . . Brustbein

@ Eierleistung im 1. Legejahr 237,9 J

Tabelle 1 gibt Aufschluf iiber die Brutergeb-
nisse der beiden Stimme wie auch der verschie-
denen Gruppen innerhalb derselben.

TABELLE 1.—Die Brutergebnisse der Versuchsstdmme
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Pro- | Pro- | Pro-
zent | zent | zent
Stamm L8...................... 503 | 349 | 96,0 | 69,4 | 72,3
Stamm L9..................... 559 | 427 | 95,2 | 76,4 | 80,3
gerade x gerade (L 8)............ 188 ! 98,1 | 71,5 | 72,9
gerade x krumm (L 8)... . 161 | 93,8 | 67,1 | 71,6
krumm x gerade (L 9)........... 210 | 95,8 | 79,8 | 83,3
gerade x krumm (L 8 + L 9) ...| 503 | 371 | 04,8 | 73,8 77,8
krumm x krumm (L 9)......... 296 l 217 | 94,6 1 73,3 | 77,5

Wie aus der Tabelle zu ersehen ist, sind die
Brutergebnisse bei L9, dessen Hahn ein sehr
krummes Brustbein hatte, sogar besser als bei
L8, und die Paarung “‘krumm x krumm’’ hatte
ebenfalls bessere Brutresultate als die Paarung
““gerade x gerade’’. Der Aufzuchtverlust betrug
bei L8 4,0 Prozent, bei L9 5,8 Prozent, einschlie-
flich der abhanden gekommenen Kiiken. Ein auf
alle diese Leistungseigenschaften irgendwie nach-
teilig einwirkender Einflufl der Brustbeinverkriim-
mung konnte also abermals nicht festgestellt
werden.

Die weibliche Nachkommenschaft aus diesen
beiden Stimmen wurde nun unter vollstindig
gleichen Verhiltnissen zusamen mit den iibrigen
Junghennen der restlichen Zuchtstimme aufgezo-
gen. Alle Tiere erhielten die gleiche Futterung,
Wartung und Pflege, sie wurden mit ca. 6-7
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Wochen, je nach Schlupfzeit und Witterung, der
Wirmequelle entwohnt und kamen auf das Auf-
zuchtgelinde in die hier gebriuchlichen Hiitten,
die simtlich mit Sitzstangen ausgestattet waren,
wie es der in der Praxis iiblichen Haltungsweise
entspricht. Im Alter von 26 Wochen, wo nach
unseren fritheren Untersuchungen der Hohepunkt
der Verkriimmungen im Verlauf der Jugendent-
wicklung erreicht ist, wurden die einzelnen Bruten
der Reihe nach, sowie sie in dieses Alter kamen,
sehr genau auf ihre Brustbeinbeschaffenheit un-
tersucht, und zwar siimtliche Leghornjunghennen
des Jahres 1937, im ganzen 1130 Stiick. Spiter
wurde dann bei jeder Henne an Hand der Auf-
zuchtlisten die Zugehorigkeit zu ihrem Stamm
festgestellt, und auf diese Weise die Nachkommen
der Versuchsstimme L 8 und L 9 herausgezogen.
Bei der Untersuchung der Hennen wuflten wir also
nicht, aus welchem Stamm die Hennen waren, die
wir gerade in Hiinden hielten. Dadurch war jede
auch unbewufite Beeinflussung des Urteils, jeder
noch so stille Gedanke ‘“‘Hier miifite doch etwas
zu finden sein’’ vollstindig ausgeschaltet.

Hihne wurden nicht beriicksichtigt, da die
Versuchsstimme keine Herdbuchstimme waren.
Es wiire wirtschaftlich nicht tragbar gewesen, die
aus diesen Stimmen anfallenden Hihnchen, also
Schlachtware, ein halbes Jahr lang zu behalten,
um dann die Untersuchungen vornehmen zu
konnen. Is war aber auch nicht nétig, die Hihne
mit einzubeziehen, da Hennen an sich ein geeigne-
teres Material darstellen und aus den beiden Ver-
suchsstimmen insgesamt 309 Junghennen unter-
sucht werden konnten (144 aus L 8, 165 aus L 9).
Die restlichen 821 Junghennen (1130 minus 309)
verteilten sich auf die iibrigen 7 Leghorn-Einzel-
zuchtstimme:

TABELLE 2.— Brustbeinbescha fenheit der Leghornjunghennen 1937

leicht stark
gerade ver- ver-
kriimmt | kriitmmt
Prozent| Prozent | Prozent
821 Junghennen aus Nichtver- |
suchsstimmen .. ..... .. .. ..., 59,3 32,8 7.9
L. 8 (144 Tiere). . . ... 60,4 38,9 0,7
1.9 (165 Tiere)........... ..... ..| 48,5 30,9 20,6
gerade x gerade (L 8, 76 Tiere)...| 63,2 35,5 1,3
gerade x krumm (L. 8, 68 Tiere)..| 57,4 42,6 o
krumm x gerade (I. 9, 84 Tiere)..| 57,1 27,4 15,5
gerake x krumm (L 8 + 1. 9, 152
Tiere .. ..... Yo Closr2 | 34,2 8.6
krumm x krumm (L 9, 81 Tiere).; 39,5 34,6 25,9

In Tabelle 2 sind die Ergebnisse der Brustbein-
untersuchungen der 1937er Leghornjunghennen
niedergelegt. Es geht aus ihr zunichst hervor,
daB der Versuchsstamm L 8 dem Durchschnitt der
iibrigen, nicht versuchsmiflig geziichteten Jung-
hennen recht nahe kommt. Er hat mit rund 60
Prozent den gleichen Hundertsatz an Tieren mit
geradem Brustbein und weicht nur darin ab,
dall er einen verschwindend kleinen Anteil an
schweren Fillen (1 Tier unter 144 Nachkommen)

und dafiir etwas mehr leichte Fille hat. Demge-
geniiber hat der Hahn des Stammes L 9, ein Bild
robuster Kraft mit einem Gewicht von 2750 g,
einen sehr schlechten Einflufl auf die Brustbein-
beschaffenheit seiner Nachkommen ausgeiibt.
Ein Anteil von 20,6 Prozent schwerer Verkriim-
mungen iibersteigt ja nicht nur den des Stammes
L 8, sondern auch den bei den iibrigen Leghorn-
junghennen so erheblich, dal man ihn einfach
nicht als zufallsbedingt ansehen kann. Wie grof§
der Einflufl des Hahnes ist, geht schon bei einem
Vergleich der Paarung ‘‘krumm x gerade’” in L 9
mit der Paarung ‘“‘gerade x krumm’’ in LL 8 hervor.
Sie hiitten ja theoretisch die gleichen Ergebnisse
bringen miissen. Tatsdchlich ist auch der Anteil
an Nachkommen mit geradem Brustbein derselbe,
der Anteil an schweren Fillen dagegen bei L9
schon hier so gewaltig, dafl er den Hahn stark
belastet. Von seinen Nachkommen aus den Hen-
nen mit krummem Brustbein weist dann ein
Viertel starke Verkriimmungen auf, und der An-
teil an Tieren mit geradem Brustbein ist auf 39,5
Prozent heruntergegangen. Es ist dabei garnicht
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ABBILDUNG 1.—Brustbeinbeschaffenheit der
Junghennen aus den Versuchsstimmen L 8 und
L 9.

abzusehen, wie sehr sich das Bild noch im Laufe
der Zeit nach der ungiinstigen Seite verschieben
wird, und man geht wohl nicht fehl in der An-
nahme, daf mit zunehmendem Alter nur wenige
Nachkommen des Stammes L 9, deren Brusthein-
beschaffenheit bis jetzt noch normal ist, das
gerade Brustbein behalten werden. In Abbildung
1 sind die Ergebnisse noch einmal in graphischer
Darstellung wiedergegeben.

Wie aus der Tabelle 2 weiter hervorgeht, ergab
die Paarung ‘‘gerade x gerade’ zu 63,2 Prozent
Tiere mit geradem, 35,5 mit leicht verkrimmten
und noch 1,3 Prozent mit stark verkriimmten
Brustbeinen. Diese Tatsache lLiffit darauf
schlieffen, dafl man nicht ohne weiteres von der
Brustbeinbeschaffenheit der Eltern auf die der
Nachkommen schlieBen kann. Neben der erb-
lichen Disposition fiir diese Anlage spielen dem-
nach auch noch Umweltsfaktoren fiir die Aus-
bildung dieses Merkmals eine wesentliche Rolle.
Auch bei der Zusammenstellung von Zuchttieren
mit vollstindig korrektem Brustbein wird sich in
der Nachkommenschaft stets ein erheblicher
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Prozentsatz mit Verkriimmungen nachweisen las-
sen, wenn auch natirlich lange nicht in dem
MafBe, wie bei den Paarungen ‘‘krumm x gerade’’
oder “krumm x krumm’’. Auf Grund dieser
Ergebnisse kommen wir zu der Schlufifolgerung,
daf} dieser Anomalie nicht unmittelbar ein ‘“‘Fak-
tor fiir Verkrimmung’’ zugrunde liegt, sondern
dafB es sich bei diesem Merkmal hochstwahrschein-
lich um eine Anlage handelt, die die Kalkausniit-
zung im Tierkdorper malgeblich beeinfluffit und
somit mittelbar die Verkrimmung hervorruft.

ZUSAMMENFASSUNG

Zusammenfassend kommen wir auf Grund der
vorliegenden experimentellen Untersuchung iiber
die Frage der Erblichkeit der Brustbeinverkriim-
mung zu folgendem Ergebnis:

Die Erblichkeit dieser Anomalie ist als erwiesen
anzusehen, jedoch mit der Einschriinkung, daf es
sich wahrscheinlich um eine Disposition fir die
verringerte Fihigkeit, den Kalk der Nahrung zum
Aufbau eines festen Knochengeristes auszunut-
zen, handelt. Trotz Vorhandenseins der Anlage
braucht also unter besonderen Umstinden dieses
Merkmal phéinotypisch nicht unbedingt in Lr-
scheinung zu treten. Ein Entzug der wohl allge-
mein iiblichen Sitzstangen und dadurch bewirkte
geringere duflere Beanspruchung des Brustbeins
kann schon das Auftreten der Verkriimmung sehr
stark hemmen.

Aus diesem Grunde, eben durch die starke Ab-
hingigkeit der phinotypischen Auferung dieses
Merkmals von der Umwelt, wird auch eine Einzel-
analyse nur schwer zu einer faktoriellen Ausle-
gung dieses Falles fithren konnen. Wenn somit
die Frage, ob es sich um einen dominanten onder
rezessiven Faktor handelt, auch vorliufig offen
bleibt, so ist jedoch das durch die vorliegende
massenstatistische Auswertung gewonnene Bild
so eindeutig, dafl die Annahme einer Erblichkeit
dieses Merkmals durchaus gesichert ist.

Die fritheren und auch jetzigen Untersuchungen

haben den Nachweis erbracht, dafl es sich bei der
Brustbeinverkriimmung um eine Anomalie, einen
Schonheitsfehler, und nicht um eine leistungshem-
mende Eigenschaft handelt, sodaf ihr in der
Leistungsgefliigelzucht keine tibertriebene Beach-
tung zu schenken ist.

SUMMARY

In summarizing the above experimental results
on the question of the heritability of breastbone
deformation, we arrive at the following con-
clusions:

The heritability of the irregularity may be con-
sidered proved, with the qualification, however,
that it probably consists in a lessening of the
capacity for utilizing food-calcium in the forma-
tion of a sturdy bony structure. In special cir-
cumstances the characteristic need not necessarily
appear in the phenotype. Removal of the
perches in general use with consequent diminu-
tion of stress on the breastbone may suffice to
reduce the appearance of the curvature very
considerably.

Because of the pronounced dependence of the
phenotypic manifestation of this character on the
environment, a single analysis will scarcely lead
to a factorial interpretation of this case. The
question must remain open for the present
whether we are dealing with a dominant or a re-
cessive factor. However, the statistical picture
obtained above is unequivocal and the assumption
of the heritability of this character may be taken
as certain.

The earlier as well as the present investigations
have brought proof that deformation of the
breastbone is an irregularity, a ‘“beauty’”’ defect
but not a character deleterious to production so
that it deserves no exaggerated attention in pro-
duction poultry breeding.

VARIATIONS OF AND SELECTION FOR CEREBRAL HERNIA IN FOWLS

By Pror. ALessanNDprO GHicl, Director, Institute of Zoology, University of Bologna,
Bologna, Italy

In 1914 I published a series of researches on the
inheritance of cerebral hernia in fowls!, explain-
ing the effects of selection on a hydrid-bird popu-
lation which had been obtained by mating a
Padua cock, with cerebral hernia and weighing
2,400 grams, to a Game bantam hen of 600 grams’
weight, for the purpose of producing a bantam
breed with a well-developed crest, as in the

1 GHicr, ALESSANDRO, Ricerche sulla ereditd dell’ernia cere-
brale dei polli in correlazione ad altri caratteri. Archivio Zool.
8. 1914,

Paduas. The chief object of selection was to
favor the development of the cranial cupola, and
success was obtained in the sixth generation. The
extension of this cupola is conditioned by multiple
factors. As early as the second generation, in
some individuals the upper part of the skull was
somewhat elevated in comparison with that of
normal fowls; the extension of the cupola of one
female was superior to that of its progenitor of the
true Padua breed. However, considering the
large number of individuals reared with ortho-
genetic criterion, that is, mating only specimens
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with a very well-developed cupola, I obtained in
the fifth generation an average value nearly as
high as that of the sire and in the sixth generation
a superior value. Hence, six generations occurred
before selection had exhausted its capacity of
improvement.

Because of consanguinity, it was not possible
to maintain this group beyond the seventh genera-
tion, because many eggs had an imperfect shell,
normal and fertile eggs gave a poor hatch, and the
mortality of mature hens was considerable.

These biological facts, together with the out-
break of the Great War, forced me to abandon
these experiments after the publication of the
above-mentioned paper.

DESCRIPTION AND RESULTS OF EXPERIMENTS
BEGINNING IN 1921

After the foundation of the Stazione Speri-
mentale di Pollicoltura at Rovigo, of which 1
became the director, I recommenced, in 1921,
the experiments abandoned at the outbreak of the
Great War. I was able to carry them on much
more extensively than before, because I had
sufficient space and brooding pens at my dis-
posal.

I mated a black Padua cock with a Java hen
and a buff Padua cock with a golden Sebright
hen, obtaining from the first mating a black
progeny and from the second mating, by segrega-
tion from one another, two types of progeny,
golden and buff ones.

The results of these matings were analogous to
those published in 1914, but they were much more
numerous and rapid, as the cranial cupola reached
its highest development in the average of the
population in five generations. However, these
fowls, called Bantams Ghigi, especially golden
and buff colored, were not real bantams but were
intermediate, and the weight of the cocks was
frequently higher than 1,000 and 1,200 grams,
respectively. As, in addition, they had assumed
the morphological aspect of true Paduas, I decided
to repeat the entire experiment by crossing the
best birds obtained by orthogenetic selection,
with true Java and Sebright birds.

I made the following recrosses: Male Java
Bantam X female black Bantam Ghigi; and
male Bantam Ghigi X female golden Sebright
Bantam.

The progeny of both these recrosses are form-
ing today two groups which have reached a rather
high degree of purity of cerebral hernia and which
are discussed at some length in this paper. How-
ever, as the preparation of the skulls from Rovigo
confirmed what I had already published concern-
ing my experiments made in 1907 and 1914, 1
preferred, in this second series of researches, to
study the brains. The most interesting results
in this connection have been presented by me to
the Exposition of Genetics at the Sixth Inter-
national Congress of Genetics at Ithaca in 1932.

In studying this material I have been assisted
by several coworkers in my laboratory, as follows:

1. An anatomical and embryological study of
the hernial brain, carried on by Dr. Teresa Sie-
moni.

2. A biometrical study of the population with
hernia of hybrid origin, obtained by the direct
mating of a Padua cock with a Java hen and of a
Padua cock with a Sebright hen, for the purpose
of studying the mutability of the brain produced
by an experimental cross. This research has
been carried on by Dr. Romilda Fattovich.

3. A biometrical study of the effects of selection
on the brains of the two series, black and golden,
produced by recrossing Bantams Ghigi with a
Java cock and a Sebright hen, respectively, car-
ried on by Dr. Marta Grandi.

Comparison of hernial with normal brain

The hernial brain was studied for the first time
by Hagenbach in 1893 and afterwards by Klatt in
1910, both studies being incomplete and with a
rather small amount of material. The brain of
fowls with cerebral hernia is somewhat longer and
narrower than that of normal fowls, and its single
parts have a topographically different position.
Seen from the back, it resembles more the brain
of a reptile than that of a normal bird.

In the brain of fowls with cerebral hernia, the
telencephalon has advanced and is situated nearly
above the ocular bulbs, in the interorbital space;
the cerebral peduncles are more evident in the
middle and anteriorly to the optical lobes, having
become much longer, and it is precisely in cor-
respondence to the said peduncles that the
greatest lengthening of the brain manifests it-
self. Moreover, the interhemispheric incision
is less evident than in the normal fowl. The
distance between the tclencephalon and the little
brain makes the epiphysis plainly visible from the
back. Besides, the diencephalon remains com-
pletely free posteriorly to the telencephalon, and
this fact is perhaps the reason for the restraining
of the hemispheres, which, however, cover the
different parts of the diencephalon in normal
birds.

The optic lobes, which in normal fowls are some-
what compressed between the telencephalon, the
diencephalon, and the little brain, so as to remain
somewhat crushed, assume in fowls with hernia
a somewhat rounder shape in their anterior parts,
because they are situated at a distance from the
hemispheres, whereas they preserve posteriorly
contact with the little brain.

It seems that the little brain, too, has been
influenced by the general lengthening of the
encephalon, because it is narrower and longer
than in the normally shaped encephalon. Its
anterior half is lengthened, reaching more for-
ward, and is less prominent. The number of the
dorsally visible circumvolutions is higher than in
the normal one (Siemoni).

According to the modifications of the exterior
shape, there are also inner structural differences,
especially in the aspect of the ventricles.

In many brains the two halves are asymmetric;
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in others, the shape and structure are intermediate
between the normal and the transformed one.
These belong to specimens on which positive
selection has exercised a partial action.

Formation of hernia

The first evident sign of the formation of a
hernia can be observed, during embryonic de-
velopment, after 150 hours of incubation, that
is, at the age of 6} days by means of a different
behavior of the rudimentary telencephalon.
Whereas in the normal fowl this telencephalon
forms two prominent swellings situated at the
anterior extremity of the head, above the optical
lobes, in the fowl with hernia it forms a protuber-
ance which is most developed dorsally and in an
anterior direction. Furthermore, the cerebral
lobes are larger in their median transversal
diameter than in normal embryos, and whereas
they grow posteriorly narrower, their anterior
end is more rounded and their vault more convex,
so that the whole telencephalon becomes much
more prominent between the two optical lobes,
than in the normal bird (Siemoni).

When the chicken is hatching, the hemispheres
are coming out of the skull, thus forming a true
hernia. The bony cupola is a secondary forma-
tion which will be developed only after the chicken
has finished its growth, at the age of about 3
months, as I have already shown in my paper of
1914.2

Variations in measurements of hernial brain

I have already mentioned the fact that I ob-
tained at Rovigo a population with cerebral hernia
of hybrid origin, selected -during several genera-
tions, but not satisfying because of its too high
weight. Iwished to study the statistical behavior
of the hernia so as to value the variability in a
population of known origin. Dr. Fattovich has
measured 245 brains with hernia and has found
that within each series of the various measures
there exists a noteworthy homogeneousness. The
respective curves are unimodal, and the coeffi-
cient of variation is rather low. The distance
between the cranial margin of the chiasm and
the caudal extremity of the fourth ventricle,
considered as a fundamental measure for the
values expressed in the index of hernia, vary
little, as does also the broadness of the hemi-
spheres. The variation of the measure which
corresponds to the anterior half of the brain is
considerably higher, and this is precisely the part
most modified by the hernia.

The measurements of the brains of males are
slightly less than those of females, but this dif-
ference has very little biometrical value (Fatto-
vich).

The variation studied in these researches can
be interpreted as caused by multiple factors.
The elongation of the brain, manifested by the

2 See footnote 1.

cerebral hernia, is then due to numerous factors
whose action is summarized, and by means of se-
lection the number of positive factors is con-
siderably increased in the genotype. On the
contrary, when a population varies in hereditary
characters beyond the limit of that variation
which has proved to be characteristic of that
determined species or race, it is most probable
that this variation is due to hybridism.

Experiments with golden breed in 1933

In 1933 the Bantams Ghigi were recrossed with
the golden Sebright hen, and up to 1937 five
generations have been reared; the brains examined
numbered 285.

No observations could be made on the F, birds,
as the brains were all quite normal, the hernia
being of a recessive character.

The F: birds examined are 20 in number, 13
of which are males and 7 females. In only 2
males is there a slight elongation of the cerebral
hemispheres as well as of the peduncles, and one
The relation Z between
the distance from the anterior limit of the optical
chiasm to the anterior margin of the little brain
on the ventral side (C') and the length of the brain
measured from the base of the little brain to the
apex of the hemispheres (A4), is, on an average,
0.696. This value is nearly the same as that of
normal fowls (Leghorns), which is 0.702. The

of them is asymmetric.

average ratio A in which H signifies the broad-

ness of the brain on the height of the optical lobes,
is 0.727, nearly the same as that of the Leghorns,
which is 0.725.

The F; fowls, numbering 59, are of varying de-
velopment; the average ratio A is 0.562, varying
from 0.700 to 0.460. Hence, the hernia is rather
well developed in comparison with that of the
F, birds, and evident results have been obtained
by selection. Of 33 males, 18 are asymmetric, as
are 5 of 19 females; the total percentage of asym-
metry is 40.67. The ratio 1 also gives analogous
results: the average is 0.558 with a range of 0.418
to 0.740, the coefficient of variation being 14.22.
Of 134 F, birds, 78 are males and 90 females.

¥
The average ratio A is 0.539, nearly the same as
the preceding one, with extreme values of 0.630
and 0.470. Hence, the variation is somewhat
less than that of the preceding generation. The
total percentage of asymmetric brains decreased
to 16.66; the coefficient of variation was 6.07.

Of the generation Fs, 32 birds were studied, and
5 of them were kept as reproducers. The average

ratio % is 0.541, with extreme values of 0.581 and

0.460. In comparison with the preceding genera-
tion the difference is smaller, especially in view
of the fact that the brains with the best-developed
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hernia were not examined. The coefficient of
variation is 5.52 and the percentage of asymmetric
brains 9.37.

Experiments with black breed in 1934

In 1934, the Bantams Ghigi were recrossed with
a black Java cock, and by 1937 four generations
with a total number of 115 brains had been
studied.

In the F; birds the hernia is completely absent

and the ratioi 15 0.726. The F; birds number 54,

c .
and the average ratio 4 is 0.610, with extreme

values of 0.500 and 0.700. The coeflicient of
variation is 8.48, a rather low value, which dem-
onstrates the limited formation of cerebral
hernia. The percentage of asymmetry is 14.81.

The F; birds number 45. The average ratio 2

is 0.570, with extreme values of 0.500 and 0.780.
The coefficient of variation is 9.99, and the per-
centage of asymmetric brains is 44.87.

Only 16 F, birds were examined, the others
having been kept as reproducers. The average

ratio % is 0.567, with extreme values of 0.500 and

0.620. The coefficient of variation is 6.85; the
percentage of asymmetric brains is 25.

There is very little difference in the ratio g
between the F; and F. birds in the selection of the
black breed, and an analogous result was observed
between the Fs and F5 birds in the golden breed.
The reason for this difference between the two
series is evident: contrary to what was to be
expected, the golden breed has not produced any
bird with well-developed hernia in the F: genera-
tion, and this generation has behaved in the same
manner as the F; generation (Grandi).

CONCLUSION

In drawing a general conclusion from the
behavior of the length of the brain (cerebral
hernia) in these birds, I wish to call attention to
the fact observed by myself among the 14 F,
birds as early as 1907. One had a completely
developed hernia, whereas in the golden breed
used in 1934 none of the 20 F, birds showed a
somewhat distinct hernia.

Theoretically, one may say that three genera-
tions, beginning with the F., are necessary for
producing, in nearly all birds, a hernia which is
rather uniformly developed and varying within
rather narrow limits. One additional genera-
tion is necessary if F, birds are not accessible
to selection and one less generation if in the F.
generation there are some birds which possess
several of the multiple genetic factors. Favor-

able possibilities increase with a greater number
of Fy birds. The cerebral hernia, caused by a
greater length of the brain, is a recessive and
multiple character which manifests itself only
in the F, generation for the first time. The
third generation is the most varying one and
affords the easiest selection, which makes it pos-
sible to obtain a homogenous fourth generation
in comparison with the third one. Successively,
the effects of selection become less and less var-
iable and the breed can be considered stable.

SUMMARY

In a series of experiments, a Padua cock with
cerebral hernia was mated to a Game bantam hen
for producing a bantam breed with a well-de-
veloped crest, as in the Paduas. The cranial
cupola, determined by multiple factors, had in
the fifth generation a value approximating that
of the sire and in the sixth generation a superior
value. In the seventh generation the birds of the
group died as a result of consanguinity.

Another series of experiments was made by
mating a Padua cock to Java and Sebright hens.
The results of these matings were analogous but
were obtained much faster as the cranial cupola
reached its highest development in the fifth
generation. However, these fowls, called Ban-
tams Ghigi, were not real bantams but were of an
intermediate stature and weight.

In a third series of experiments, Bantams Ghigi
were mated to Java and Sebright bantams; from
these matings two breeds resulted in which the
development of the cerebral hernia has reached
a rather high degree of purity.

With this material the following studies were
made: (1) An anatomical and embryological
study of the hernial brain; (2) a biometrical study
of the population with hernia of hybrid origin, in
order to determine the mutability of the brain;
(3) a biometrical study of the effects of selection
on the brains of the progeny from the recrossing
of Bantams Ghigi with a Java cockerel and a
Sebright hen.

Theoretically, one may say that three genera-
tions, beginning with the F,, are necessary for
producing, in nearly all birds, a hernia which is
rather uniformly developed and varying within
rather narrow limits. One additional generation
is necessary if F; birds are not accessible to selec-
tion and one less generation if in the F; genera-
tion there are some specimens which possess sev-
eral of the multiple factors for cerebral hernia.
The cerebral hernia, determined by a greater
length of the brain, is a recessive and multiple
factor which manifests itself only in the F;
generation. The third generation is the most
varying one and permits the easiest selection,
from which a very homogeneous fourth genera-
tion can be obtained in comparison with the third
one.
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RESULTS OF FIVE YEARS OF SELECTION FOR VIABILITY IN POULTRY FLOCKS!

By D. R. MaARBLE, Associate Professor of Pouliry Husbandry, The Pennsylvania State
College, State College, Pennsylvania, U. S. A

Laying-flock mortality in all sections of the
United States has increased steadily during the
past decade. Available records of pathologists
show that this increase has been due to a group of
diseases centering around fowl paralysis or lym-
phomatosis. Methods of prevention or cure have
been difficult to work out because of the wide
variety of symptoms manifested and the lack of
knowledge concerning the transmission of the
various forms of the disease.

The reports of Roberts and Card (1926) on the
inheritance of resistance to bacillary white
diarrhea and of Lambert and Knox (1932) on the
resistance to fowl typhoid demonstrated the
possibility of developing strains of fowls resistant
to the fowl paralysis complex. The encouraging
results of these two investigations were responsi-
ble for the present study at the Pennsylvania
State College, in which the primary objective
has been to improve the viability of the two
breeds maintained on the college poultry farm.
The development of a line susceptible to the fowl
paralysis complex was not undertaken.

PROCEDURE

Previous to 1932 the selection of breeders was
based on egg production and hatchability as
major factors with some attention given to body
and egg weights. The pullets were selected care-
fully for housing in laying pens, and a heavy
culling for egg production and egg size was made
late in the spring. Since 1932 all breeders have
been selected on the basis of family viability,
with egg production, egg and body weights, and
hatchability as secondary factors. The complete
family of pullets has been either housed or culled.
Females for pedigree pens have been selected
from those families showing the best viability.
Birds with poor egg production and small egg
size have been discarded whenever it was possible
to do so without sacrificing viability. Males
used in the pedigree matings have been, in most
instances, cockerels selected on their sisters’
viability during that portion of the laying year
prior to January 1. During the 5 years of selec-
tion on this basis, more than 4,900 adult birds
were placed in laying pens and their viability
on a family basis studied for a 365-day period.

Management conditions and rations of the
layers were not altered during this 5-year period.
Brooding conditions varied for only 5 of the 67
different brooding units. These 5 variations were
made for the purpose of studying the influence
of management on adult mortality.

1 Authorized for publication on December 5, 1935, as paper
No. 874 in the Journal Series of the Pennsylvania Agricultural
Experiment Station.

The results reported in this paper were ac-
complished primarily by selection within the
strains developed in previous years at the Penn-
sylvania State College. Only one male from
another strain was used in the 5-year period, and
he headed a pedigree pen of Barred Plymouth
Rocks in the fourth generation of the study.
The viability of his progeny was approximately
the same as that of the entire flock for the 1936-37
trap-nest year.

Brooder pens, 12 by 20 feet in size, were used
for all brooding except the five units noted. The
chicks had access to wire-bottomed sun porches
when weather conditions permitted. All chicks
were pedigree-hatched and wing-banded. From
250 to 300 chicks were placed in each pen. Males
were removed at 5 to 6 weeks of age, and the
pullets, at 10 weeks of age, were placed on a
clover or alfalfa sod range in summer shelters.
Pullets were housed at sexual maturity in laying
pens equipped with trap nests. Both adult mor-
tality and egg production are calculated on the
365-day period following the completion of the
rearing period. Since age at first egg varies for
different families it was necessary to establish a
constant termination for the rearing period. An
age of 150 days was set for the Single-Comb White
Leghorns and 170 days for the Barred Plymouth
Rocks.

Intermixing of families to permit the maxi-
mum distribution of the disease by natural
infection has been practiced. The only segrega-
tion has been the separation of breeds through-
out the rearing and laying periods and of different
ages in the brooder houses and range shelters.

RESULTS

The mortality data (which include actual deaths
and culling because of illness) for the 6-year
period preceding the beginning of selection for
viability are shown in table 1. The mortality
during this period (1927 to 1932) was caused pri-
marily by fowl paralysis and its associated neo-
plastic conditions. Birds culled for low egg
production or small egg size were not included
in the flock-reduction figures shown in this table.

Data on the adult mortality for the 5 years
following the change in the method of selection
of breeders are presented in table 2. They show a
highly significant decrease in losses, as compared
with those of the preceding 6-year period. The
flock reduction in the Single-Comb White Leg-
horns in 1937 was approximately half that shown
in table 1 for the 6-year period 1927-32. Like-
wise, the mortality in the Barred Plymouth
Rocks in 1937 was only half of the average mor-
tality in 1927-32.

The marked reduction in the rate of mortality
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was not accompanied by any apparent shift in the
comparative importance of losses due to the
paralysis complex. A very large proportion of
the deaths occurring in these two flocks on the
Pennsylvania State College poultry farm is still
due to the ravages of some form of the paralysis
complex, even though the total flock reduction
is only half as much as formerly.

An analysis of the mortality in the various
families involved in this study shows that the
increase in viability was accomplished 'by the

TaBLE 1.—Laying-flock mortality for the 6-year period preceding
selection for viability

Single-Comb White Barred Plymouth
Leghorns ocks
Year
hatched |- N
Birds ] Total Birds Total
housed | mortality housed | mortality
Number Percent Number Percent
1927.......... 1,211 39.4 366 39.1
1928.......... 852 36.3 361 | 401
1929, ... 1,054 29.0 424 | 47.7
1930.......... 931 38.6 624 41.8
1931...... ... 766 47.9 348 73.3
1932...... ... 528 47.61 | 214 50.0
Average. .. 890 39.8 | 390 ‘ 48.7

L Approximately one-fourth of this mortality was due to
prolapse and ‘‘pickouts.”

TABLE 2.—Mortality, egg production, egg weight, body weight, and
age at first egg for 5-year period, 1933-37

Single-Comb White Leghorns

Mortality of | | Body [
Year | adult progeny \ Beg | g |weisht| Ageat
- produe-| ¥ a Is
hatched — " tion weight first egg
Hens | Pullets ‘ egg
| E
Percent‘Percent'Numheri Grams | Pounds| Days
1933........ 30.4 ‘ ‘ 190.6 57.0 3.93 165.0
1934, 24.8 | 46.4 ‘ 185.1 | 56.9 | 3.75 | 167.9
1935........ 31.0 198.5 56.9 ’ 3.88 169.1
1936.. ... 208 | ... | 2014 | 86.6 | 3.93 | 176.2
1937........ 20.1 | .o ' 205.2 56.5 | 3.86 171.9
Barred Plymouth Rocks
1933, ... | 36.0 | 46.1 | 200.2 | 58.3 \‘ 512 | 176.6
1934. ... 58.3 ’ 49.5 185.4 55.9 4.91 173.9
1935........ 39.5 [ | 199.6 54.8 l 5.02 177.0
1936....... 20.4 i 1 202.9 56.5 5.36 201.4
1937 | 246 | | 219.0 | 56.0 | 4.90 | 1814

development of families which possessed greater
genetic resistance to the various forms of the
paralysis complex or a greater constitutional vigor
which aided in establishing immunity through
exposure to a natural infection. The fact that
hatchability has not changed materially and that
early chick mortality has increased slightly would
suggest that probably the lower adult mortality
was not due to an improvement in constitutional
vigor. Available evidence would suggest that a
degree of genetic resistance has been developed

through the selection of breeding males and fe-
males from the most viable families.

Fifty-six families of full sisters were housed in
the Single-Comb White Leghorn laying pens in
the fall of 1933. At the completion of the laying
year only 2, or 3.6 percent, of the original 56
families had 90 percent or more of their numbers
still living. In the first generation of the Barred
Plymouth Rocks selected for viability, only 1 of
33 families had a viability of 90 percent. The
number of viable families has gradually increased
year by year until in the fifth generation 40.6
percent of the Single-Comb White Leghorn fami-
lies and 29.3 percent of the Barred Plymouth Rock -
families showed at least 90 percent of viability.
In this analysis only families of five or more full
sisters have been considered.

Influence of age of breeders

No attempt has been made to differentiate
between breeders in their second laying year and
those in later laying years. The only grouping
according to age was made in the 1934 and 1935
generations when some pullets in their first
laying year were used in certain pedigree matings.
Cockerels, selected on the same basis as those
used in the hen matings, headed the pullet mat-
ings.

Viability of the adult fowls hatched from hen
breeders was higher on the average than for those
hatched from pullet breeders, as shown by table 2.
The advantage in favor of the progeny of hen
breeders is very marked in the Single-Comb White
Leghorn flock. Chicks were hatched from both
hen and pullet breeders in two successive genera-
tions of Barred Plymouth Rocks. Progeny of
hen breeders were more viable in the 1933 genera-
tion but less viable in the 1934 generation. These
data substantiate in general the conclusions of
Kennard and Chamberlin (1934) and Gildow,
Williams, and Lampman (1936).

Hays (1928) concluded that any particular
breeder possesses the same ability to transmit
desirable inherited characters to its offspring
when it is a pullet as at any later time in its life.
Directly comparable evidence on this point is
not available because of the use of different males
in repeat matings of various females. The use of
older breeders, both males and females, on farms
where paralysis is a problem appears to be justified
because many birds do not show their suscepti-
bility prior to their use in the breeding pen when
mated as pullets.

Influence of egg production and other economic
factors

It was necessary to sacrifice egg production and
egg size somewhat when the method of selection
of breeding stock was changed in 1933. Data
presented in table 2 with respect to these various
economic factors indicate that there was a signif-
icant drop in egg production in the case of the
Barred Plymouth Rocksin the second generation of
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progeny. Some decline was experienced in the
Single-Comb White Leghorns but it was too small
to be statistically significant. The increases
shown in both breeds in the third generation and
again in the Barred Plymouth Rocks in the fifth
year of selection are statistically significant.

Changes in body weight at the time the first
egg was laid were not significant, and the changes
in age at first egg between 1933 and 1937 were
barely significant. In egg weight, the Single-
Comb White Leghorns showed a slow but steady
decline, but even the total decline over the 5-
year period was too small to be statistically
significant. The egg weight of the Barred Plym-
outh Rocks in 1933 was unusually great when
compared with that of the preceding years. The
decline in the second generation was significant,
but the average egg weight for 1934-37 is com-
parable with that of the years preceding 1933.

Changes in age at first egg have been insignif-
icant except for the marked increase shown by
both breeds in 1936. The increase was very
marked in the Barred Plymouth Rocks, but even
in the Single-Comb White Leghorns the odds are
greater than 30:1 that the increase was not due to
chance. By plotting the frequency curves for
1936 and comparing them with the other years,
it is evident that the increase was due to the
presence of a larger number of extremely late
maturing birds and a general shifting of the
entire frequency to a higher level.

When all the economic factors presented in
table 2 are considered the benefits far exceed the
losses. The highly significant increase in via-
bility was obtained without serious losses in any
of the other economic factors, even though only
secondary consideration had been given to these
other factors in the selection of breeding stock.

DISCUSSION

The consideration of viability of the family
in the selection of breeding stock appears to be
entirely practical. However, the poultryman
must recognize that resistance to disease is specific
for a particular disease only. A flock highly re-
sistant to the paralysis complex may prove to be
very susceptible to any of a number of other
diseases. The use of a breeding program in which
family viability is considered has its value even
though no major disease problem exists on the
farm. The advantage of including this factor in
the selection of breeders is much more apparent,
however, when an outbreak of a disease occurs
against which genetic resistance can be developed.

The results of this study point out the desira-
bility of selecting breeding birds from the viable
families when an outbreak of fowl paralysis occurs
on a breeding farm. Selection of viable families
will not entirely eliminate the occurrence of the
disease in later generations, but it can hold the

disease in sufficient check so that a profitable
poultry business can be continued. Complete
disposal of the current flock and replacement with
new stock of unknown resistance may result in
still heavier losses. The use of stock known to
be resistant may aid in speeding up the develop-
ment of resistance.

SUMMARY

Adult mortality in poultry flocks at the Penn-
sylvania State College was extremely high during
the 6-year period 1927-32. This high mortality
was due to various forms of the fowl paralysis
complex and included iritis, paralysis, and tumors.
Since 1932 all breeders have been selected on the
basis of family viability, with egg production,
egg size, body weight, and hatchability as second-
ary factors. During the 5 years of selection on
this basis, more than 4,900 adult birds of two dif-
ferent breeds have been placed in laying quarters
and their viability on a family basis studied for
a 365-day period.

Management conditions and rations have been
the same during this 5-year period. The results
reported have been accomplished by selection
from within the strains.

The laying-flock mortality during these 5
years of selection has been decreased from 39.8
percent in the Single-Comb White Leghorns for
the 6-year average for 1927-32 to 20.1 percent in
1937. The decrease in the Barred Plymouth
Rocks has been from 48.7 percent for the 6-
year average to 24.6 percent in 1937. Cases of
paralysis, tumors, and leucosis still constitute a
large proportion of the mortality, but the per-
centage of families showing high viability has
increased from year to year.

The data indicate that losses from fowl paralysis
can be decreased gradually by the use of breeders
from families that show resistance to the disease
and by the use of hen breeders in preference to
pullet breeders.
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REDUCTION OF MORTALITY IN FOWLS BY BREEDING

By F. B. Hurr, Professor of Poultry Husbandry and Animal Genetics, J. H. BRUCKNER,
Assistant Professor of Poultry Husbandry, and R. K. Corg, Instructor in
Poultry Husbandry, Depariment of Pouliry Husbandry,
Cornell University, Ithaca, New York, U. S. A.

INTRODUCTION

This paper reports the results of 3 years’ work
in which an attempt was made to reduce mor-
tality in fowls by breeding. In the White Leg-
horn pullets used at Cornell, mortality during the
years 1928 to 1930 varied from 17 to 23 percent
during the first laying year. From 1931 to 1934 it
varied from 41 to 44 percent. In 1935-36, the first
year of this experiment, the mortality from 160 to
500 days of age was 64 percent. This figure was
somewhat higher than for previous years because
no culling of pullets was done at any time. Itis
obvious that this strain presented adequate mate-
rial in which to demonstrate the possibilities of
reducing mortality by breeding. Prior to the
spring of 1936, when the first selected generation
was hatched, no breeding for increased viability
had been attempted. By September 1938 the
first two selected generations had finished their
laying year, and they are reported upon in this
paper.

Breeders were selected from families in which
mortality was lowest. With the prevailing high
mortality there was little choice of good breeding
material for the first generation. Only one or two
females were available, among whose offspring
there had been no mortality whatever to the end
of December. Pullets were chosen from some of
the better families, but even in these mortality
was as high as 10 or 12 percent by the end of
December.

Other characters of economic importance,
including egg production, size of bird, and size of
egg, were considered equally as much aslow mor-
tality. In general, no breeders were used unless
they had laid 200 eggs or more during the first
year, with eggs weighing 56 grams or more. When
pullets were used, corresponding ratings in egg
production and egg size were required.

A particular effort was made to avoid using
families in which losses from neoplasms of any
kind had occurred. This procedure was desirable
because most of the mortality as shown by table 3,
was caused by neurolymphomatosis, lympho-
cytoma, leucosis, and allied conditions.

All families under test had uniform environment
during incubation, brooding, rearing, and in the
laying houses. No pullets were culled at housing
time except those belonging to families numbering
fewer than 8 or 10, which were considered too small
for an accurate measure of viability. Pullets
from different pens and strains were mixed en-
tirely at random in the houses. No culling was
done during the test period, which was from 160
to 500 days of age. Mortality from hatching to
160 days is not considered in this paper.

SUSCEPTIBLE STRAIN

This investigation differs from others of similar
nature in that a separate line of birds was bred
with susceptibility to the same diseases as it was
sought to eliminate in the resistant strains. The
usefulness of this strain is threefold: (1) Raising of
susceptibility in one line at the same time that
resistance is increased in another line constitutes
a more effective demonstration of the possibilities
of genetic control than would be provided by the
resistant line alone. (2) Moreover, some experi-
ment stations seeking to attain similar objectives
have found that in two or three generations mor-
tality was reduced to a point at which it was
doubtful whether or not the surviving birds had
been exposed to infection. If in a susceptible line
mixed at random with the other birds there still
occurs a high mortality, and if the neoplasms that
are mainly responsible occur in the susceptible
birds, there can be no question about adequate
exposure of all birds in the test. (3) Mortality
rates in the susceptible lines also serve as controls
to show whether any improvement noticed in the
resistant lines has resulted from some favorable
change in the environment or may be attributed
to breeding. In our experiment the susceptible
stock constituted 12 percent of the whole flock in
1936 and 15 percent in 1937.

OTHER STRAINS

Another strain was begun in 1936 by outcrossing
selected females of the Cornell stock to males of
the Kimber strain, which had then been bred for
increased viability over a period of about 8 years.
In 1937 selected F,; pullets of this stock were mated
back to two of the Kimber males and two of
their sons.

A third strain, B, entirely unrelated to any of
the other birds, was begun in 1936, with fully pedi-
greed chicks hatched from unpedigreed pullets of
this strain which, during the 1935-36 laying year,
had been scattered at random through the Cor-
nell flocks.

RESULTS
Reduction of mortality

In the Cornell resistant strain, deaths in the
second generation were 13.8 fewer per hundred
birds than in the unselected stock, which was a
reduction of 21 percent in the mortality rate of
64.1 percent in the original unselected population
(table 1). Since at the same time the mortality
in the susceptible strain was higher by 5 birds per
100 than in the original unselected population, it
is evident that the improvement noted in all other
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lines did not result from improvements in hus-
bandry or from unusually favorable environ-
mental conditions.

Following outcross of the Cornell stock to the
Kimber males, there was a reduction in mortality
to 34.4 percent. In the same year losses in the
susceptible stock were more than twice that figure.
Hybrid vigor may have been partially responsible
for the low death rate in the outcrossed stock.
Two of the three males used had mortality rates
in their progeny of 25.4 and 29.6 percent, both
lower than for any of the 15 other males on test
that year. The higher mortality in this line in
the second generation probably resulted from the
loss of hybrid vigor. The mortality (44.1 percent)
was still lower than in the second selected genera-
tion of the Cornell stock.

Strain B was evidently somewhat more resistant
than the Cornell stock, but the reduction of deaths
in that line by 13.5 birds per hundred, or 25 per-
cent of the original rate in the first selected gen-
eration, is significant.

TasLE 1.—Mortality of birds from 160 to 500 days of age in the first
3 years of the experiment

1935-36
(unselected) | 1936-37 1937-38
Strain
i Mor- Mor- |1 Mor-
Birds tality Birds tality Birds tality

Num-| Per- |Num-| Per- |Num-| Per-
ber | cent | ber | cent | ber | cent
1,395/ 64.1 | 952 | 54.0 | 711 | 50.3
1,395 64.1 | 212 | 70.3 | 319 | 69.0
1,395/ 64.1 | 342 | 34.4 | 337 | 44:1
............ 253 | 54.7 | 660 | 41.2

Cornell resistant........
Cornell susceptible.. ...
Outeross to Kimber. ...
Strain B................

Total............... 1,395| ...... '1,759 ...... 2,027

Although mortality in 1937-38 cannot be con-
sidered low in any 2f the three lines being bred
for increased viability, it is consistently lower
than in the original unselected populations. It
would undoubtedly have been still lower if the
flocks had been subjected to the vigorous culling
done by all good commercial poultrymen when the
pullets are housed.

Age at death

Survival to 500 days, the period of testing in
this experiment, merely means that death has
been pushed back beyond that limit. However,
the bird which dies from neurolymphomatosis at
380 days is much more resistant than that which
succumbs to the same disease at 190 days, pro-
vided both were infected at the same age. Con-
trolled experiments, in general, indicate that birds
dying of neoplasms are more likely than not to
have been infected long before the 160-day age at
which most of ours were housed. The mean age
at death of those that die is therefore a good
measure of comparative resistance and of sus-
ceptibility.

In the original 1935-36 population from which
the resistant and susceptible lines of the Cornell
strain were selected, the mean age at death for
birds dying between 160 and 500 days of age was
321 days. The data in table 2 show that in the
second generation life for such fowls had been
extended in the resistant line to 350.6 days, but
reduced in the susceptible line to 301.8 days. The
fact that those dying in the resistant line were
able to survive 7 weeks longer than those in the
susceptible line, when both groups were mixed
entirely at random from incubation to death, is
further convineing evidence of the effectiveness of
the genetic attack on the mortality problem.

Differences between individual breeders

One of the more interesting of many cases show-
ing significant differences in families of individual
breeders was provided by a female mated in 1937
to an untested male that it was hoped would pro-
duce viable stock. Six females yielded families
large enough to test. Among 60 pullets from 5
of these birds, the mortality from 160 to 500

TABLE 2.—Mean age at death of birds, in the Cornell lines, dying
between 160 and 500 days of age

S Cornell Cornell
= resistant line susceptible line 3
= Differ- | Diff.
2 _§ é’ ence S.E.
g 3 Mean age i 3 Mean age
> [s] I A
. !_‘
Ngte:n-‘ Days \ ‘ Days Days
1935..( 895 321 0 =+ 3. 0 895 I321 .0+ 3. 0I ..................
1936. . 514 \337 8 4 4.1] 149 |292 3 £7. 045 5+ 8.1 5.6
1937.. 358 3506:|:50 220 l3018:!:65488:!;82 6.0

days of age was 71.7 percent, and 20 birds died
from neoplasms of one kind or another. One
of the 5 lost all her 15 daughters, 10 of them
with neoplasms. The sixth female, though obvi-
ously mated to a male transmitting extreme sus-
ceptibility, lost only 1, or 5.9 percent, of her 17
daughters in the test period and that bird died of
bumble foot. The odds against such a perform-
ance resulting from chance are more than
35,000:1.

Consistent breeding performance

Of the four best males, (that is, with lowest
mortality in their progenies) in 1936, two still
alive were used in the following year with different
females. The best of 17 White Leghorn males
tested in 1936 was second best among 20 tested in
1937. The other male used both years ranked
third in 1936 and fourth in 1937.

Conversely, the male in whose progeny mor-
tality (82.1 percent) was higher than that for any
other family from 15 males tested in 1935 was used
also in 1936 to head a pen in the susceptible line
and again produced the family with highest mor-
tality (75.2 percent) of all male progenies tested
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that year. The ability to survive for 2 years does
not indicate the ability to produce offspring
equally as viable.

Causes of mortality

Autopsies were obtained on all dead birds. In
the first year they were made at the New York
State Veterinary College and during the next 2
years they were made by one of us (R. K. C.).

The condensed summary of diagnoses during the
second and third years of the experiment (table 3)
shows that neoplasms (including leucosis, neuro-
lymphomatosis, and tumors) caused most of the
mortality. The chief difference between resistant

TaBLE 3.—Condensed summary of causes of mortality in birds
from 160 to 500 days of age in the Cornell lines, 1936-38!

1936-37 1937-38
Causes of death ' Susce
) p- . Suscep-
Resist- |7 4590 Resist- |"ihe
ant line . .7 |ant line| i o0

|
Percent?| Percent?| Percent? Percent?

Neoplasms®.................. | 154 | 24.4 | 19.1 | 35.7
Disorders of l‘eproduction.”‘ 11.7 11.2 7.3 6.2

Intestinal parasites.......... 10.8 14.1 6.5 71
Respiratory diseases.........| 5.6 4.9 1.1 1.2
Kidney diseases..............| 2.4 2.9 4.2 3.1
Miscellaneous................ 6.7 10.6 9.8 13.5
Undiagnosed or negative....; 2.5 2.0 2.8 2.5

1 Numbers of birds in the four groups are given in table 1.

2 Based on the number of birds alive at 160 days of age.

3 Including leucosis, neurolymphomatosis, and tumors. Par-
alyzed birds suspected of having neurolymphomatosis are in-
cluded only when post-mortem examination confirmed that
diagnosis. )

and susceptible lines is in the incidence of neo-
plasms, that is, in those conditions that were
first considerations in the selection of breeders.

Improved husbandry in 1937, including a fresh
rearing range and better housing, reduced the
incidence of those diseases (intestinal parasites,
respiratory disorders) amenable to control by
such methods, yet the incidence of neoplasms
increased in both lines. This situation may be
partly explained by the probability that in 1937-38
more birds escaped early death from other causes
only to die later from the neoplasms to which
they were susceptible. This is suggested by the
increased age at death in the resistant line that

year (table 2). However, although the deaths
from neoplasms in the resistant line increased only
from 15.4 in the first generation to 19.1 cases per
100 in the second generation, the rise in the sus-
ceptible line during the same period was from 24.4
10 35.7 cases per 100 birds. This difference further
indicates the effects of the kind of selection
pursued.

Table 3 gives data only for the Cornell lines but
similar results and trends were found in the B and
outcross lines.

SUMMARY

Results of 3 years of breeding to increase via-
bility in the fowl are reported. Beginning in
1935 with stock in which no selection for resistance
to disease had been done, the procedure has been
to select breeders from families with lowest mor-
tality under natural exposure to disease-producing
agencies, and, after the first year, to use as far as
possible birds proved by progeny test to transmit
more than average - resistance to disease. No
culling has been done within families retained and
all birds are tested to 500 days of age. Use of
families with high incidence of neurolympho-
matosis, leucosis, or other neoplasms has been
avoided. All birds that died are diagnosed.

In unselected stock hatched in 1935, mortality
from the time of housing to 500 days of age was
64 percent. In the first selected generation, in
1936, the corresponding figure for the period from
160 to 500 days of age was 54 percent. Females of
this stock outcrossed in 1936 to males of a strain
bred for high viability produced progeny in which
mortality was only 34 percent during the same
period. In contrast, the death rate in stock
selected for susceptibility to disease was 70 per-
cent in the first generation.

In the second selected generation, hatched in
1937, mortality from 160 to 500 days of age was 50.3
percent in the resistant line, 69.0 percent in the
susceptible one, and 44.1 percent in the outcross
line. The birds that died in the resistant line
lived 7 weeks longer than those that died in the
susceptible line. Offspring of males used in 2
consecutive years were consistently resistant or
consistently susceptible in both years. The inci-
dence of neoplasms in the second generation was
19 percent of all birds alive at 160 days in the re-
sistant line, but 36 percent of all such fowls in
the susceptible line.
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NATURE OF THE HEREDITARY FACTORS FOR RESISTANCE AND
SUSCEPTIBILITY TO PULLORUM DISEASE IN THE
DOMESTIC FOWL
By E. RoBERTS, Professor of Animal Genetics, J. M. SEVERENS, Assistant in Animal

Genetics, and L. E. Carp, Professor of Pouliry Husbandry, University
of Illinois, Urbana, Illinots, U. S. A.

Experimental evidence has been reported
(8, 4, 6)! showing that in the domestic fowl resist-
ance and susceptibility to infection by Salmonella
pullorum are hereditary. The experimental re-
sults from which this conclusion is reached are
briefly:

1. Selection was effective in producing strains
of the domestic fowl more resistant than were
unselected stocks in respect to infection by
Salmonella pullorum.

2. The selected stocks were consistent in main-
taining resistance through successive generations.

3. The F, generation produced by crossing re-
sistant and susceptible stock was as resistant as
the resistant parents.

4. Progeny of the F; X resistant stock were
significantly more resistant than were the progeny
of the F; X susceptible stock.

5. In the F; generation, susceptible and resist-
ant strains were recovered by selection.

6. A susceptible male mated to susceptible
females produced progeny which were much less
resistant than were progeny of the same male
mated to resistant females.

A study of the nature of the hereditary factors
involved in resistance includes a search for the
defense mechanism responsible for the difference
between resistant and susceptible individuals.

Because pullorum disease in the young chick
seems to be a septicemia (1), we thought a study
of the copper content of eggs would be of value,
since copper is associated with the regeneration
of hemoglobin. Four lots of hens given different
treatments in an attempt to control the amount of
copper in the eggs were used, but the addition of
copper to the diet did not increase the copper
content of the eggs. Differences in copper con-
tent, however, were found among the different
pens. The amounts of copper in milligrams per
100 grams of yolk were as follows: Pen 11, 0.162;
pen 8, 0.139; pen 9, 0.132; pen 10, 0.112.

The survwals among moculated chicks from
these pens were 70, 60, 60, and 47 percent respec-
tively. These results led us to attempt again to
control the copper content of the eggs to deter-
mine whether it was related to resistance, but we
have not been successful in this. Analyses of eggs
from hens of resistant and susceptible strains
failed to show significant differences in copper
content.

Examination of blood from adult birds of resist-
ant and suseeptible strains showed nodifferencesin

1 Ttalicized numerals in parentheses refer to Literature Cited,
p. 54.

bactericidal power. The pH values of the alimen-
tary tract were also the same for both strains.

TABLE 1.—Blood studies on resistant and susceptible chicks from
the fifteenth day of incubation through the seventh day
after hatching

& I
Qo g
5 °-§ |
NP Red |White Neutro- Lympho-
-
Strain! ‘"‘;'E'g 2 cells | cells phils cytes
nE G 2 | |
A% 6 | ;
Num-|Num- | Num- Num-‘ Per- Num- Per-
ber ber Number‘ ber | ber | cent l ber | cent
R...... 5 4 1,810,000 8, 500' 7,750| 92.0 ’ 400{ 4.0
ST 4 1,877,000| 9, 600\ 8,115 83.0 | 585 8.0
R...... \ 16 4 185,000 5, 750. 5,350 93.0 | 360| 6.0
S ‘j 4 '2 130,000, 6,750' 6,280 93.0 | 250 4.0
R..... | 17 412,095,000 8,000 7,255 90.5 | 565 6.5
S 4 12,170,000 4,500 3,680 82.0 | 620 14.0
R......(\ 18{ 4 2 220,000/ 6,500/ 4,900 75.0 | 1,325/ 20.5
S f 4 12,173,00011,000] 9,626/ 87.3 . 1,113] 9.3
Ro....]\ g 4 |2,346, 000? 8, 667‘ 7,340| 84.0 | 1,073| 12.7
S...... 4 2,250, ooo‘ 7,500 7,260| 96.0 | 240/ 4.0
S P 4 |2,485,000/10,250| 9,137| 88.0 | 780| 8.5
S 4 [2,406,00012,233/11,583] 93.3 | 530 4.3
R... .. ‘ a1 4 [3,165,000/15,750/12,760| 81.0 | 2,513 16.0
S....... 4 |2,993, 000, 17,000116,107 94.3 |  697| 4.3
R.....[\ gp {| 17 [2,630,00018,85311,194| 57.3 | 6,181| 34.8
S f 17 (2,921, 000|20 150,14,214 70.4 | 4,400/ 21.9
R\ o0 f| 21 [2,545,000 16,470’ 9,086/ 54.8 | 6,178| 37.6
S 21 |2,624,000 18,450 11,162| 58.0 | 5,788| 34.2
R.... |\ u ] 14 2472, 000*16 464| 8,830 52.7 | 6,348 39.2
S f 13 |2,486,000/20, 153!12 410 61.6 | 5,872| 29.6
|
R o 9 |2,365,00017,833 9,533 51.8 | 7,140/ 41.7
S....... 9 |2,455, 000'16 5501 7,948| 47.0 7,427l 45.8
R...... \ g6 {| 18 [2.365,00016,308 5,655 34.4 | 9, 251‘ 56.9
S }[ 12 2,330.000]18,583; 6,109‘ 34.0 10 839 57.6
R...... ‘ g7 | 10 2,306,00017,100 5,203 29.4 i, 002| 65.8
S ’ 8 2,431,000 16,500 5, 530 34.6 |10, 309 61.2
| | I |
R..... \ o8 ‘ 9 2,366,000 21,660 8,055 37.4 12.310 56.8
S \\j 7 |2,474,000 19,357 6,307 32.0 12,281| 64.6

1R =resistant, S=susceptible.

Our attention was next turned to the different
kinds of blood cells. When a suspension of
Salmonella pullorum was introduced into the
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blood of immunized birds, the bacteria became
associated with the lymphocytes. This finding
suggested the possibility that the lymphocytes
might be associated with resistance.

From a study of the blood of resistant and sus-
ceptible individuals, it was found that the lym-
phocytes are present in greater number and
percentages in the resistant chicks from the
eighteenth day of incubation through the third
day after hatching (table 1 and figure 1).
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F1cure 1.—Percentage of lymphocytes in resist-
ant and susceptible chicks from the fifteenth day
of incubation through the seventh day after
hatching.

TABLE 2.—Relation of age of chicks lo resistance to pullorum
disease (subcutaneous inoculation)

Age of chicks when

inoculated (days) Chicks Survival
| Number Percent

24 16.2

24 35.5

24 34.4

24 58.1

24 63.4

60 93.3

The number and percentage of lymphocytes
increase with age in both resistant and susceptible
strains until about the fifth to sixth day after
hatching. During this time resistance to pul-
lorum disease also increases. Inoculation of
chicks 6 days after hatching results in little
mortality (table 2). Is this change in resistance
during the first few days associated with the
change in the number of lymphocytes?

If the lymphocytes constitute a defense mecha-
nism, a reduction in lymphocyte number ought to
be followed by increased susceptibility.

Hussey (2), Spurling and Minot (6), and Taylor,
Witherbee, and Murphy (7) found that the lym-
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Ficure 2.—Effect, on percentage of lympho-
cytes, of X-raying chicks when 1 day old.

TABLE 3.—Effect of X-rays on lymphocytes in chicks
Chicks X-rayed when 1 day old

; {Results from chicks ! Results from

Age of not X-rayed - 0
chigks in \ (control) X-rayed chicks
ho};xrs [ Chioks | I _
when hicks | _ o
bood | e | eveaper
counts 1 ycubi]z: ‘Lymphoﬁ ycub?c {Lympho-
were made, ; milli. | cvtes | | “cytes
3 | meter | meter
b | — N
‘ Number | Number l Percent i Number | Percent
48, .. [ 6 | 33,00 | 287 | 14,000 | 12.8
2. |6 | 21,000 ! 41.6 | 17,000 | 12.7
96 ....... - | 2,00 | 6.5 | 19,00 | 129
120, ... |6 19,000 52.3 | 12,00 | 367
M4 6 f 24,000 | 705 | 19,000 | 540
168. 46 | 22000 | 671 | 15000 | 55.4
Chicks X-rayed when 6 days old
ses......| 4 | 40000 | 26.6 | 21,00 | 4.2
192. [ 4 ' 1400 | 540 | 1000 | 53
216........ | | 12000 | 727 | 13,000 | 104
4 | 48.8 | 11,000 | 48.0

phocytes in mammals with which they worked
could be decreased in number without decreasing
the number of other blood cells. We found the
same results in chicks following X-raying (table 3
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and figure 2). The dose was 360 r units. The
birds were X-rayed for 2 hours at 65 kilovolts,
5 milliamperes, and at a distance of 30 inches.
When 1-day-old chicks were orally inoculated,
65 percent of the chicks not X-rayed and 42.9
percent of the X-rayed chicks survived. With
subcutaneous inoculation the survivals of the two
groups were 45 and 0 percent respectively. The
controls X-rayed but not inoculated had a sur-
vival of 100 percent (table 4).

Pullorum disease is a disease of young chicks.
If infection does not occur during the first few
days after hatching, the typical disease is not
produced and mortality is low. When 5 or 6 days
old the chicks are highly resistant. X-rays were
effective in reducing the lymphocytes in chicks
6 days after hatching, as they were in chicks

TaBLE 4.—Effect of X-rays on resistance of chicks to pullorum
disease

Chicks X-rayed at 24 hours of age

Not X-rayed X-rayed
Inoculation
Chicks |Survival | Chicks | Survival
Number | Percent | Number | Percent
Oral................. 10 50.0 23 26.0
Do.cooevevvf 720 65.0 40 15.0
Doccoeeiiniinn... 20 75.0 50 60.0
Do.oviiiiinn 50 64.0 50 56.0
Total............ 100 65.0 163 429
Subcutaneous........ 40 45.0 40 0.0
None................ 10 1000 j.......... |
Chicks X-rayed at 6 days of age
Subecutaneous........ 30 96.6 30 6.6
Doeveiiiiin, 30 90.1 30 36.6
Total............ 60 1 $.4 | 60 E 21.6

1 day old (table 3). A greatly increased suscepti-
bility was found in these older chicks which had
been X-rayed.

Six-day-old chicks which were X-rayed and
inoculated subcutaneously had a survival of 21.6
percent. Those that were inoculated but not
X-rayed had a survival of 93.4 percent (table 4).

These facts suggest that the difference between
resistant and susceptible chickens is due to an
inherited differential in the number of lympho-
cytes at the time of greatest susceptibility to
pullorum disease, which is immediately after
hatching.

It is entirely possible, however, that the de-
creased resistance in X-rayed chicks was not due
to a decreased number of lymphocytes but to some
other change produced by X-rays concomitantly
with the reduction in lymphocytes. But if the
lymphocytes are not a defense mechanism some
other change is occurring concomitantly with the
increase in lymphocytes with age which is defen-
sive in nature.

The alimentary tract may also be a defense

mechanism because subcutaneous inoculation pro-
duces a greater mortality than does oral inocula-
tion. In oral inoculation, however, the lympho-
cytes may have the opportunity of destroying
some of the bacteria before they have had the
opportunity of entering very far into the body
tissues. This may account for the lesser mor-
tality from oral than from subcutaneous in-
oculation.

SUMMARY

Evidence that resistance and susceptibility of
the domestic fowl to pullorum disease are related
to the number of lymphocytes was obtained from
blood studies of resistant and susceptible chicks.
This evidence consists of the following:

The number of lymphocytes is greater in resist-
ant than in susceptible chicks.

Resistance in both resistant and susceptible
chicks increases with age and the number of
lymphocytes also increases.

When the number of lymphocytes in day-old
chicks is reduced by X-rays, susceptibility is
increased.

When 6-day-old chicks which have become
resistant because of age are X-rayed, the number
of lymphocytes is decreased and they become
susceptible, as they were when younger.

From blood studies of chicks from the fifteenth
day of incubation to the eighth day after hatching,
it was found that the number of lymphocytes in
the resistant chicks become greater than in the
susceptible ones at about the eighteenth day of
incubation.

These facts suggest that the difference between
resistant and susceptible chickens is due to an
inherited differential in the number of lympho-
cytes at the time of greatest susceptibility to
pullorum disease, which is immediately after
hatching.
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EIN SEMILETALER FAKTOR BEI HUHNERN, DER MISSBILDUNGEN DER
WIRBELSAULE UND DES BECKENS VERURSACHT

By Dr. M. Czasa, Direktor der Zootechnmischen Versuchsanstalt in Swislocz, Polen

In einem Zuchtstamm polnischer Griinfiissler-
Hiihner erschien infolge weitgehender Inzucht
eine Anzahl von Tieren mit spezifischen Miss-
bildungen der Wirbelsdule und des Beckens.

Mit zunehmendem Alter fiithrte die sich ent-
wickelnde Missbildung schliesslich zu vollkom-
mener Bewegungsunfihigkeit.

Anatomo-pathologische Untersuchungen des
Skeletts zeigten eine nach links gerichtete Ver-
krimmung des distalen Teiles der Wirbelsiule.
Diese Missbildung war besonders ausgeprigt in
der Lendenwirbel-Gegend.

Analoge Verunstaltungen wurden auch im
Beckenknochenbau beobachtet. Dieser Teil des
Skeletts war S-formig gekriimmt, und das Beck-
engewdlbe bildete einen deutlich wahrnehmbaren
Buckel.

Die beschriebenen pathologischen Verinderun-
gen fiithrten in ihren extremen Formen zu voll-
kommener Bewegungsunfihigkeit, weil die Glied-
massen nach riickwirts und aussen gebogen waren.

Nach der Feststellung, dass die erwihnte Miss-
bildung nicht auf Futterungseinflissse oder Umge-
bung zuriickzufiihren ist, war es klar, dass deren
Auftreten durch erbliche Anlagen verursacht
wird.

Aus der hinsichtlich der Letalanlage durchge-
fithrten Erbanalyse (F;-Paarungen und Riick-
kreuzungen) ergab sich, dass die beobachteten
Missbildungen des Skeletts durch einzelne rezes-
sive Gene verursacht werden. Aus durchgefiihr-

ten Riickkreuzungen ergaben sich 91.25 Prozent
normale und 8,75 kriippelhafte Vogel.

SUMMARY

In a strain of Polish greenfeet-fowl, a certain
number of birds appeared having specific malfor-
mations of the vertebral column and of the pelvis
because of extensive inbreeding.

With increasing age the developing malforma-
tions finally led to complete inability of motion.

Anatomic-pathological examination of the
skeleton showed a curvature towards the left of
the distal part of the spine. The malformation
was particularly noticeable in the lumbar spinal
region.

Analogous malformations were also observed in
the bony structure of the pelvis. This part of
the skeleton was curved in S-shape, and the pelvic
arch formed a distinct humpback.

The described pathological changes, in their
extreme form, caused complete immobilization
because the limbs were bent backwards and out.

After ascertaining that these malformations
could not be referred to feeding or surrounding
conditions, it was clear that they are caused by
hereditary factors.

The analysis of the mode of inheritance (F;-
matings and backcrosses) showed that these mal-
formations of the skeleton are due to several
recessive genes. Backcrosses produced 91.25
percent normal and 8.75 percent crippled birds.

GENETIC ASPECTS OF EGG WEIGHT OBSERVED DURING INBREEDING
EXPERIMENTS!

By N. F. Waters,? Poultry Husbandry Subsection, Iowa Agricultural Ezrperiment
Station, Ames, lowa, U. S. A.

A study extending over a 12-year period
(1926-37) was made of the effect, on egg weight,
of inbreeding, top-crossing, and crossbreeding
several breeds of fowl. The breeds used were
inbred and random-bred White Leghorns, Rhode
Island Reds, Light Brahmas, and New Hamp-
shires. The inbred White Leghorn stock is de-
scribed by Waters and Lambert (1936).

Progeny tests were made on 137 sires and 695

1 Journal Paper No. J-624 of the Iowa Agricultural Experi-
ment Station, Ames, Iowa, Project No. 54.

2 Now senior geneticist, Regional Research Poultry Labora-
tory, East Lansing, Michigan, U. S. A.

dams which produced 3,266 daughters. Data on
egg weight are available for each sire’s sisters,
half-sisters, dam, maternal aunts, and his daugh-
ters. Data are also available for each dam, her
sisters, half-sisters, dam, maternal aunts, and her
daughters.

There was no intentional selection for egg
weight throughout this experiment. During the
first 5 years, except for mortality, no females were
discarded until at least 10 months after the first
egg was laid. During the last 7 years no females
were discarded until at least 1 year after laying
began.
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Waters (1937) has shown that the time to obtain
a measure of the first year’s maximum egg weight
is after the bird has attained its maximum body
weight, at about 10 months of age. During the
early phases of this study egg weights were
obtained only during the months of January to
May. The birds used during the early phase were
all approximately 10 months of age or more when
egg weights were obtained and, therefore, the
average egg weight of these birds was used in this
study. After 1931 the egg weight of each bird
was determined by obtaining the average egg
weight from a sample of eggs laid at least 1 week
each month for 5 months after the bird had
reached maximum body weight at 10 months
of age. ‘

For estimating the genetic portion of the vari-
ance the method described by Lush and Arnold
(1937) was used. For all breeds studied, approx-
imately 55 percent of the variance between the
weights of eggs produced by those dams mated
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between various combinations of the paternal
ancestors and progeny suggests that the associa-
tion between the sire’s full sisters and his progeny
is of greater value than between various other
combinations of the paternal ancestry and prog-
eny. The correlation between the sire’s full sis-
ters and his progeny is 0.42, which is highly sig-
nificant. This correlation suggests that a high
association exists between these two variates.
Examination of the data show, however, that this
correlation is more obvious than useful. If the
total population is divided into different egg-
weight groups according to the system of breeding,
the values of the correlations change and for the
most part are not significant.

In table 1 is presented, by years, the average
egg-weight distribution with means for all inbreds.
Waters and Lambert (1936), reporting on many of
the same inbred birds included in the present
sample, showed that as the inbreeding coefficient
increased there was no significant trend toward

TABLE 1.—Average egg-weight distribution with means for all inbred females

§ Number of eggs of indicated weight in grams = 5

3

- o
S 405 425 455 465  48.5 50.5 525 545 565 585  60.5 625 645 665 685 705 725 E | =
1937 22 /s |2/6f3102020 s3I0 7 4 2[1]3] [1 1| 183| 51
1936 |1 103/2/6[/9 5 7/ 8 7911 2 532 2|42 ‘ 89| 51
1935 3,6(6[/6(8|8 917 9 1691510 7 1 1'42|1]2]2 142| 52
1934 2|1]2(3 2|7 31712 81316212 810 48 2[4 1] |1 175| 53
1933 D [14718 & DI 000 41315768 4]2 2 1 145| 55
1932 11 216 4 71112 192032 24 27 23 32 21 20 114 [19 | 9 W76 706 4/1|23 1| 360 56
1931 ‘ 1 417 57 8151720191120 12 13 (7|5 5|2 1)1 181] 57
1930, i i 123 65602313 |2/1/2/2/(1] | 40| 54
1029 1 1, 1 |3/2'5 418611 12141411 15162 1 18] 54
1028 1012047 51119 2825 36 30 42 20 39 16 (17 |8 |4 (3 |7 |2 |1 |1 11 320] 54
1927 | 1211737857185105'44442 1 1 90| 57
1926) | | | | ! 12 45565’9 523 2| I 49| 58

0 42 44 46 48 50 52 54 5 58 60 62 64 66 68 70 72 |1802

Weight in grams

1 Bold type shows approximate location of mean.

to a given sire could, by this method, be described
as the genetic portion of the variance. This vari-
ance, as calculated, is as follows: For all breeds,
55.4 percent; for all breeds except the inbreds,
73.9 percent; and for the inbreds, only 45.6 per-
cent.

If the method used in determining the genetic
portion of the variance is biologically sound, then
egg weight is a highly hereditary trait. Further,
with such a high genetic portion it should be pos-
sible with careful selection for the average breeder
to make rapid progress in the improvement of egg
weight. This conclusion agrees with the findings
of many practical poultry breeders.

Evaluating the relationship for egg weight
between various combinations of maternal ances-
tors and progeny suggests that the association
between dam and progeny is of greater value than
the association between various other combina-
tions of maternal ancestry and progeny.

Evaluating the relationship for egg weight

heavy or light egg weight. The addition, how-
ever, of nearly 700 birds from 1936 to 1938 with
proportionate increases in the inbreeding coeffi-
cient shows that there is a significant decrease in
egg weight for all families.

The top-cross hens reported in this study were
obtained by crossing inbred Leghorn sires selected
from different families with random-bred Leg-
horns. The eggs from the top-crossed hens
showed no significant increase or decrease in egg
weight over those of the inbreds or random-
breds.

Inbred sires with records of light-weight eggs
in their ancestry were crossed with Light Brahma,
Rhode Island Red, and New Hampshire hens that
produced heavy eggs. The crossbreds produced
eggs significantly above intermediate in weight
between the inbreds and purebreds, a result which
supports the hypothesis of Waters and Weldin
(1929) that there are probably certain genes
dominant for heavy egg weight.
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For a number of years many breeders and hatch-
erymen have been following the procedure of
selecting only those eggs which weigh 56 grams or
more. This method of selection does not take
into consideration the inherent ability of the male
to transmit egg weight. Furthermore, hatchery-
flock males are generally obtained from many dif-
ferent sources, with no information available on
either the ancestry or progeny of these males.
It is reasonable to ask what this method of selec-
tion will accomplish.

Table 2 shows the results obtained when all
dams are grouped, irrespective of the sires with
which they were mated, into heavy- and light-egg-
weight classes. The combining of these data
into one group approximates the progress a
breeder should make in any one year if no attempt
has been made to select males that have been
either sib-tested or progeny-tested for egg weight.
Dams were selected from the total sample and
subdivided into two groups: (1) Those with an egg
weight of less than 56 grams and (2) those with

TABLE 2.—Comparison of mean egg wetghts of dams and progeny
when the dams, irrespective of mating, are grouped tnto
heavy- and light-egg-weight classes

Dams classified Mean egg weight of—
according to Birds
egg weight (grams) Dam Progeny
Number Grams Grams
43.9orless......... 8 42.0 51.3
44.0orless......... 137 45.8 49.8
48.0orless......... 759 49.2 51.7
52.0 orless....... 1,609 51.5 52.7
all........... 3,011 54.6 54.1
56.0 or more........ 1,402 59.8 55.7
60.0 or more........ 612 62.7 56.9
64.0 or more........ 197 65.8 58.5
68 or more......... 39 69.7 60.1

56 grams or more. Kach group was further
divided into classes of 4 grams each. As the egg
weight of the dam increased or decreased there was
a corresponding increase or decrease in the mean
of the progeny with the exception of those in
the lightest-egg-weight class. The average egg
weight of all dams is included in this table
also.

All the dams, grouped irrespective of sire, whose
average egg weight was 56 grams or more pro-
duced progeny that laid eggs averaging 55.7 grams.
All dams, regardless of the weight of their eggs,
produced progeny having an average egg weight
of 54.1 grams. The progeny from the selected
dams, producing eggs weighing 56 grams or more,
averaged 1.6 grams more in average egg weight
than did the progeny from the unselected group.
This difference, which measures the amount
obtained in attempting selection, is highly signifi-
cant. The difference of 1.4 grams found between
the progeny of the selected dams (below 56 grams)
and the unselected group which also measures the
effect of selection, is highly significant.

These results indicate that selection of dams
with an average egg weight of more than 56 grams
would have increased significantly the average
egg weight of the progeny. No significant change
was found from year to year when this selection
was not made.

Selection of dams laying eggs 60 grams or more
in weight resulted in progeny that produced eggs
averaging 56.9 grams. Every increase in the
weight of the dams’ eggs resulted in an increase
in the weight of the eggs produced by the prog-
eny. Conversely, as the egg weight of the dam
decreased the egg weight of the progeny de-
creased.

These data grouped, then, according to the
dam’s egg weight suggest that a breeder should
select dams whose egg weight is 60 grams or more
in order to produce progeny whose eggs have an
average weight of 56.9 grams, or about 2 ounces
per egg. Such rigid selection immediately elimi-

TABLE 3.—Results obtained from mating sib-tested sires with dams
whose average eqg weight is (1) less than 56 grams or
(2) 56 grams or more

Ng‘z‘;‘ Mean egg

Classification | weight | Egg weight bNel;m;- weight of—
of sires of full | of dams d n'?s —

sisters @ Dam | Prog-

of sires eny

Grams Grams Grams | Grams

Sires  whose 52.4 | Less than 976 50.9 52.1

full sisters’ 56

average egg

weight was
less than 56 || 53.1 | 56 or 472 | 59.6 | 55.0
grams ! more

Il
Sires  whose } 57.8 | Lessthan | 352 | 52.7 | 53.4
full sisters’ \ 56 ! l
average egg
weight was
56 grams or || 58.9 | 56 or | 729 | 59.8 | 55.9
more ' more (

| |

nates a large percentage of eggs for hatching
purposes. Under ordinary hatchery management
all eggs weighing less than 56.6 grams, or 24 ounces
to the dozen, or more than 70 grams, or 29 ounces
to the dozen, are not used for hatching purposes.
This procedure greatly reduces the available
number of hatching eggs. A careful selection of
dams having an average egg weight of more than
60 grams will result in an increased number of
progeny whose egg weight will satisfactorily meet
the trade requirements established for either
hatching or market purposes.

Table 3 shows the results obtained from mating
the indicated groups of sires with dams whose
average egg weight was (1) less than 56 grams and
(2) 56 grams or more.

The mating of sires whose full sisters’ average
egg weight was less than 56 grams with dams
whose egg weight was (1) 56 grams and (2) 56
grams or more resulted in progeny with a mean
egg weight of 52.1 and 55.0 grams, respectively, the
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difference being highly significant. When sires
whose full sisters’ average egg weight was 56 grams
or more were mated with the two groups of dams,
the difference between the mean egg weight of
their progeny was also highly significant. When
the two groups of sires were mated with the dams
that produced eggs less than 56 grams in weight,
there was no significant difference in the mean
egg weight of their progeny. Likewise, when the
two groups of sires were mated with the dams
whose eggs weighed 56 grams or more, there was
no significant difference in the mean egg weight
of their progeny. These results indicate that the
selection of dams was more effective than the
selection of sires, as measured by their full sisters’
egg-weight averages.

SUMMARY

A study extending over a 12-year period was
made of the effect on egg weight, of inbreeding,
top-crossing, and crossbreeding several breeds of
fowl. The breeds used were inbred and random-
bred White Leghorns, Rhode Island Reds, Light
Brahmas, and New Hampshires. Progeny tests
were made on 137 sires and 695 dams which pro-
duced 3,266 daughters. Data on egg weights are
available for each sire’s sisters, half-sisters, dam,
maternal aunts, and his daughters. Data are
also available for each dam, her sisters, half-
sisters, dam, maternal aunts, and her daughters.

Evaluating the relationship for egg weight
between various combinations of maternal ances-

tors and progeny suggests that the association
between dam and progeny is of greater value than
the association between various other combina-
tions of maternal ancestry and progeny. Kvalu-
ating the relationship between various combina-
tions of the paternal ancestors and progeny sug-
gests that the association between the sire’s full
sisters and his progeny is of greater value than
between various other combinations of the pater-
nal ancestry and progeny.

The results indicate that the selection of dams
with an average egg weight of more than 56 grams
would have significantly increased the average
egg weight of the progeny over that obtained when
no selection was practiced. Selection of dams is
more effective than selection of sires as measured
by their full sisters’ egg-weight averages.
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CROSSBREEDING IN THE DOMESTIC FOWL

By CuariLEs W. Knox, Senior Pouliry Geneticist, Bureaw of Animal Industry, United
States Department of Agriculture, Washington, D. C., U. S. A.

In the fields of plant and animal genetics, hy-
bridization has been and may be accomplished in
four ways: (1) Crossing individuals of different
genera, species, or subspecies; (2) crossing inbred
individuals of different inbred lines; (3) crossing
individuals of different breeds and varieties; (4)
a combination of (2) and (3), the crossing of inbred
lines from different breeds and varieties.

The progeny from crosses of different genera,
species, or subspecies in the plant kingdom have
been used with some degree of success in the
formation of new types of plants. In the animal
kingdom, however, progeny from such crosses in
large animals, whenever they are obtained, usu-
ally prove to be without economic value although
the mule is an outstanding exception. Many
crosses have been made between different species
and subspecies of birds and in a few cases between
individuals of different genera.

Phillips (1913, 1915, 1916, and 1921), Smith and
Haig-Thomas (1913), Cutler (1918), and Tiniakoff
(1933 and 1934) made crosses of genera, species,

or subspecies between the duck and the pheasant,
between the chicken and the pheasant, or between
the chicken and the peacock. More recently,
Warren and Scott (1935) and Quinn, Burrows, and
Byerly (1937) crossed the chicken with the do-
mestic turkey but were unable to hatch any of the
hybrid embryos. Such results indicate that
genus, species, and subspecies hybrids among
birds offer only slight possibility of showing any
economic merit.

The production of hybrids by crossing indi-
viduals from different inbred lines has been very
successful in the field of plant genetics. Corn
breeders have produced their economic hybrids
by this method of crossing. Although the cross-
ing of inbreds has proved to be highly successful
in plant breeding, it has not been tried to any
extent with chickens because of the great difficulty
that has been encountered in obtaining inbred
lines. Furthermore, there have been few, if any,
published reports of systematic well-organized
attempts to test the few lines of inbred chickens
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that have been obtained. Most poultry geneti-
cists appreciate the fact that the production of
inbred lines is important, but the expenseinvolved
in such experiments has served as a distinct handi-
cap to this undertaking. Even if the expense and
facilities were provided the chances of obtaining
successful inbred lines for economic crosses are
limited. In addition to this, the time required
would be a deterrent to such a project. It ap-
pears, therefore, that one of the most promising
means of obtaining meritorious hybrid chickens
has been neglected for these reasons.

One of the latest developments in poultry breed-
ing is the attempt to create superior progeny by
crossing different breeds and varieties of domestic
fowl. Such hybrids are not to be confused with
the manner in which successful hybrids (progeny
of crossed inbred lines) are produced by corn
breeders. This report is a comparison of stand-
ardbred chickens and hybrids that were produced
by crossing different breeds and varieties of
chickens.

Pearl and Surface (1910) published the first
extensive report of crossing different breeds of the
domestic fowl. Reciprocal crosses were made
between the Barred Plymouth Rock and Dark
Cornish. They found that the hybrid pullets were
more or less intermediate in the production of
eggs from November 1 to March 1 and that the
hatchability of the hybrid embryos was better
than that of the embryos of the standardbred
fowl. The hatchability of the parental stock,
however, was exceedingly low and it would be
expected that there would be an increase in the
hatchability of the hybrid embryos. Byerly,
Knox, and Jull (1934) showed that crossing stand-
ardbred breedsis likely to change the hatchability
from that characteristic of the parental breeds,
depending on the level of hatchability of the eggs
from the standardbred breeds that were used in
the matings. In other words, if the hatchability
of the parental stock is low, cross-breeding such
stock would improve hatchability. If it were
high—above 80 percent—in the parental stock,
crossing might lower hatchability as often as it
increased it, depending on the genetic factors for
hatchability carried by the parent breeds.

Warren (1927 and 1930) reported that hybrid
pullets resulting from crosses between Single-
Comb White Leghorns and the Jersey Black Giant
and Single-Comb White Leghorns and Rhode
Island Reds hatched better, grew faster, and pro-
duced more eggs than did the parental stocks.

Knox! found that the F; hybrids from crosses of
the Single-Comb White Leghorn with the White
Plymouth Rock, with the Rhode Island Red, and
with the White Wyandotte did not attain the pro-
duction of the parental breeds when the latter
averaged more than 200 eggs per year.

Because of the interest in cross-breeding and
the diversity of results thus far obtained, the

1 Unpublished data, Iowa Agricultural Experiment Station,
1924-31.

experiments reported were undertaken at the
Animal Husbandry Experiment Station, Agricul-
tural Research Center, Beltsville, Maryland. In
such experiments the number of different crosses
that can be tested is decidedly limited because of
the amount of time involved, the lack of housing
facilities, and the expenditure of money that
would be necessary in order to complete the
project successfully. Because of these condi-
tions, the experiments were divided into groups.
In the first group no attempt was made to use
similar parental stock to produce both the stand-
ardbred and crossbred progeny, whereas in the
second group they were produced from similar
parental stock. In the first group, therefore, it
was possible to test a greater number of crosses
than in the second group.

In the first group, approximately 100 eggs were
obtained from each of several poultry breeders in
different sections of the United States. These
eggs were incubated in the same incubator and
hatched at the same time. The chicks were reared
under similar conditions, the pullets being kept
until the end of their first year of production
(365 days from the date of first egg). The data
in table 1 give the average results obtained.

The results obtained from the hybrid progeny
were compared with the results obtained from
Single-Comb White Leghorn and Single-Comb
Rhode Island Red stock.

In another group of experiments a procedure
similar to that of the preceding experiments was
used except that similar parental stock was used
to produce the standardbred and hybrid progeny.
This, of necessity, limited the number of breeds
used. The breeds included Single-Comb Rhode
Island Reds, Light Sussex, White Wyandotte,
crosses of Rhode Island Red males mated to Light
Sussex and White Wyandotte females, and 2 three-
way crosses—Light Sussex males mated to Fi
hybrid females (Rhode Island Red males and
White Wyandotte females) and White Wyandotte
males mated to F; hybrid females (Rhode Island
Red males and Light Sussex females). The data
in table 2 give averages of the results obtained.

Although the results of these experiments do not
verify previous opinions of the results of cross-
breeding, they do not mean that this method of
approach for the production of superior stock
should be discarded. When compared with the
many unsuccessful crosses discarded in corn-
breeding work, the results in these experiments
are only a small beginning in the cross-breeding of
poultry. It is quite possible that the stock used
in these crosses lacked the essential factors for
producing successful hybrids. The results, how-
ever, do show that considerable expense and
knowledge of the parent stock and how they com-
bine in crosses are necessary for the production of
successful hybrids. This work indicates that
much of the success depends on the quality of the
standardbred chickens used in the cross and that
the use of inferior parental stock merely produces
another hybrid of doubtful quality and value.
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TaBLE 1.—Comparison of White Leghorn, Rhode Island Réd, and hybrid chickens

Egg Eeg ili ;
production weight Hatchability Body weight
Item Aver- l Average Average
age | Average | p,, | Fertile| Total welght we;%ht
Pullets | eggs egg s%% eggs eggs | Males gl o3 Pullets ullets
pro- | weight set set mt 10 P 11
duced a a
| weeks months
Number| Number| Grams |N umber‘ Percent| Percent Number| Grams |Number| Grams
White Leghorn......................... 71 201.3 54.7 1,240 [ 70.0 65.9 307 608.7 ) 152 1,825.4
Rhode Island Reds.................... 108 201.5 53.5 510 63.1 51.6 141 589.8 | 132 2,471.3
Light Crosses!..............oovviiiun.. 67 139.4 54.1 958 74.5 65.9 69 568.7 J 117 1,989.1
Heavy Crosses?..............c..coooeunn 88 165.7 | 55.4 2,069 74.6 65.5 102 718.9 l 159 2,405.4

1 These crosses involved matings of Single-Comb White Leghorn males to Single-Comb Rhode Island Reds, Black Minorca, and
White Plymouth Rock females. One crcss was included in which White Plymouth Rock males were mated to Single-Comb White

Leghorns.

2 These crosses included progeny from Single-Comb Rhode Island Red males mated to Barred Plymouth Rocks and their re-
ciprocal cross, and Single-Comb Rhode Island Red males mated to White Wyandottes. Eggs from these crosses were obtained from

four different breeders.

The crosses included also, 3 three-way crosses, F1 Red-Leghorn males mated to Light Sussex females, White

Wyandotte males mated to F1 Red-Sussex females, and Light Sussex males mated to F1 Red-Wyandotte females.

TABLE 2.—Comparison of Rhode Island Red, Light Sussex, White Wyandotte, and their hybrid progeny!

Average body weight of —

Aa‘ée;' Aver-
age

Breed name or cross Pullets ;lgog_ ege Males ! Adult

duction] WeIBBt | Males | at 10 PulletsI p:élf{’s

weeks ! months

Number Number| Grams |Number| Grams |Number| Grams
Rhode Island Red. .........coooniiii o 234 202 53.3 47 650 319 2,480
Light Sussex .| 335 134 55.7 814 602 462 2,391
White Wyandotte......... ... .. ... .. ... . 80 142 53.0 319 566 288 2,060
Red males x Light Sussex females......................................| 366 168 55.0 391 690 274 2,300
Red males x White Wyandotte females........................... 217 161 54.5 378 642 251 2,200
3 Way Light Sussex males x F1 Red-W. Wyan 100 150 54.0 164 642 141 2,191
3 Way W. Wyan, males x F1 Red-Sussex....... G 90 160 54.7 134 689 | 130 2,263

1 No adult pullet weights taken in 1933; no culling of female progeny from the time of hatching to the end of the laying year.

SUMMARY

The results of the experimental work reported
indicated that (1) the quality of the parental stock
had considerable influence on the quality of the
hybrid progeny; (2) different strains of the same
varieties of chickens produced different results;
(3) the average hybrid was superior in body weight
only in the case of heavy crosses; (4) the average
hybrid chicken from purchased stock did not have
so high an egg production as did the average White
Leghorn and the Rhode Island Red stock; (5) the
best hybrid progeny were obtained from crosses
between Rhode Island Reds and Barred Plymouth
Rocks and Rhode Island Reds and White Wyan-
dottes, these crosses obtained from good-quality
parental stock producing practically as well as
the standardbred White Leghorns and Rhode
Island Reds; (6) although data on mortality are
not given, the viability of the hybrids in general
was superior to that of the standardbred chickens.

In another part of the experiment it was shown
that the egg production of the F; hybrids is inter-
mediate, being approximately 165 eggs per year,

whereas one of the parental breeds, the Rhode
Island Red, produced pullets that averaged 202
eggs and the other parental breed, either the Light
Sussex or White Wyandotte, produced pullets that
averaged 134 and 142 eggs, respectively, per year.
The hybrids in general weighed more at about
broiler age but were not heavier at 11 months of
age (adult body weight).
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LATERAL ASYMMETRY IN THE FOWL

By F. A. E. Crew, Professor of Animal Genetics, University of Edinburgh, Edinburgh,
Scotland, and S. S. MuNRo, Assistant Agricultural Scientist, Dominion
Experimental Farm, Ottawa, Canada

In a former paper (1938) we reviewed 8 laterally
asymmetric birds (half-siders) previously re-
ported among domestic fowl and added 5 new cases
(A, B, C, D, and E). These 13 birds could be
segregated into two classes: (1) Those in which
the average difference in long-bone measurements
between the sides was small, generally less than
4 percent, and (2) those in which this difference
was large and readily noticeable, being from 10
to 15 percent. We argued that the small differ-
ence, as seen in class 1, was due to the elimination
of an autosome at the first cleavage division, and
the large difference, as seen in class 2, was the
result of nondisjunction at the same stage, an
autosome being lost from one side and gained in
the other.

In this paper six additional cases of mosaicism
in the fowl and recorded, three being typical
examples of lateral asymmetry and three being
restricted mosaics, a small area of the body in the
latter exhibiting an atypical characteristic. Of
the three true half-siders, two are in class 1. The
first, designated case F, in continuation of the
alphabetical classification adopted in the former
paper, is an Old English Game Bantam female
with one yellow leg and one white one, the dividing
line between white and yellow flesh clearly bisect-
ing the body. The difference in size is 3 percent.
The second, case G, has a difference in size of
2 percent but does not show laterality in distribu-
tion of flesh or feather pigment. It represents the
first reported case in class 1, in which size asym-
metry only has occurred. The third half-sider,
case H, belongs in class 2, the long bones on the
left side being, on the average, only 88.5 percent
as long as those on the right. Like most of the
asymmetric fowl previously reported, it is yellow
and white in flesh, the smaller left side being
yellow. The specimen is a typical male in
external appearance as well as in internal struc-
ture. It is an F; from a cross of a Light Sussex

female X Rhode Island Red male. It possesses
the typical silver plumage with scattered red
feathers which characterize males from this cross.
There is slightly more red on the smaller left side,
probably owing to a loss of modifying genes linked
with white flesh. It is similar to the case de-
scribed by Crew (1928) except that the autosomal
loss and gain have been from left to right rather
than from right to left.

The three restricted mosaics comprise two
Columbian patterned males, being Fo’s from an
original cross of Brown Leghorn female X Light
Sussex male, and one Columbian patterned
female, being an F, from the same cross. The
males are white in the flesh and leg with the
exception of a small streak of yellow which runs
down the posterior part of the left shank, occupy-
ing about one-fourth of the total shank area.
They were, in all probability, zygotically hetero-
zygous for white flesh (Ww), the W chromosome
being eliminated from a small area of the limb
bud during early developmental stages. As might
be expected these males do not show a lateral
difference in size. The female mosaic, in color a
typical F,, lacks the main wing feathers, both
primaries and secondaries, on the left side. This
defect was noticed at about 3 weeks of age and
persisted to maturity and throughout successive
adult molts (fig. 1). The defect is not identical
with any known heritable characteristic. The
flightless birds reported by Warren (1937) are
characterized by broken flight feathers in the
heterozygous condition and near-nakedness when
homozygous. Moreover, flightless is dominant,
and it is difficult to understand how a chromosome
aberration would produce the condition, espe-
cially since the flightless gene was not carried by
the parents. The condition of the remiges in our
specimen is similar to that produced by the
‘‘naked”’ gene reported by Hutt (1938), but it
cannot be the specific expression of this gene since
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the latter is recessive and sex-linked and any
female carrying it would be featherless. If the
condition is attributable to a localized somatic
chromosome loss, as seems most probable, it is
either not a gene-specific trait or the expression
of a hitherto unreported and probably recessive
gene. In this connection it may be noted that
in expression the characteristic is similar to the
‘‘apterous’’ condition reported by MecCrady in
the guinea fowl. It may be that a similar al-
though hitherto unreported recessive gene exist-
ing in the fowl was carried by this particular indi-
vidual and became expressed when its dominant
allele was eliminated when a chromosome was lost
during cell divigion in the left-wing region.

HERITABLE NATURE OF ASYMMETRY

Perhaps the most significant evidence which
these new cases afford is the definite indication
that the tendency to chromosomal aberration,
undoubtedly the underlying cause of lateral asym-

Ficure 1.—Mosaic female 3 weeks old, showing
absence of left remiges.

metry and mosaicism in the fowl, characterizes
certain families and thus appears to be inherited.
Although the mechanism of transmission cannot
be demonstrated as simple Mendelian, we feel that
the evidence we possess is adequate support for
assuming that the abnormality can be transmitted.

One of our original half-sider males with white
and yellow flesh, (case C in our original report)
was mated to 3 Brown Leghorn hens. Slightly
more than 50 chicks were produced by the 3 hens,
among which was included the mosaic lacking
flight feathers on the left wing, already described;
This female had 12 normal siblings. She, in turn,
mated to a half-brother out of the same abnormal
sire, produced 24 normal chicks and the asym-
metric female, case G, already described. Thus
this family includes one asymmetric individual in
each of two generations, the abnormals comprising
5.3 percent of the families in which they occurred.
The two white-legged males with yellow-streaked
shanks are also descendants of case C. One, like

case G, is an F, out of the original eross (case C
male X Brown Leghorn female) but from different
F, parents; this male had 49 normal siblings. The
other is out of an F; dam backerossed to an unre-
lated half-sider with white and yellow flesh (case B
in our original report) and had 5 normal siblings.
Thus we have four new cases of mosaicism, all
descendents of case C and having a total of 90
normal siblings. The mosaics thus constitute
4.4 percent of the families which produced
mosaics. When all families in the same line of
descent are included, there are 349 normals and
4 mosaics, the latter constituting only 1.13 per-
cent. Although no accurate figures are available
showing the incidence of mosaics among the
population at large, it is without question con-
siderably lower than in our strain, and there is
little doubt but that the chromosomal aberrations
responsible tend to run in families. The relation-
ship of these various birds is shown in the straight-
line pedigree in figure 2.

9 Brown leghorn H995
{normal)

¢ Normal D1468

9 Half-aider caee G<
9 Moanic D1453

(1eft remiges misséng

$ Brown Leghorn B9S6
(normal)

¢ Half-sider oase C
& Moseic (yellow

etreak in white
leg) ¢ Normal

9 Brown Leghorn H§91
(normal)

& Mosalc (yellow
strask in white
leg)

é Balf-sider case B'

F16URE 2.—Straight-line pedigree showing rela-
tionship of the abnormal individuals.

DISCUSSION

Each of the three new cases of bilateral asym-
metry discussed in the present paper falls dis-
tinctly into one or the other of the two classes
previously postulated for such fowl by Crew and
Munro (1938) and can be fully explained on the
basis of chromosomal elimination for class 1 and
nondisjunction for ¢lass 2. They thus greatly
strengthen our hypothesis. At the same time
these cases, along with the three regional mosaics,
also provide evidence which, when considered in
conjunction with that previously extant, suggests
that our postulate is limited in the scope of its
application.

In the first place it seems unlikely that mal-
distribution of chromatin material is confined to
the first mitotic division following formation of
the zygote. The fact that bilateral mosaics have
been almost exclusively reported in the past is
probably merely because they are more apparent
and readily recognized. Regional chimeras are
probably equally as common if not more so, this
probability being borne out by the three cases
herein recorded. Again, although lateral dif-
ferences in distribution of pigments in either flesh
or feathers have accompanied all class 1 birds
previously reported, it seems probable that thig
finding likewise has been due to ease of detection.
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In fow]l homozygous for genes controlling pigment  size differential and aseribing them, i.e., classes 1

formation, i.e., in pure breeds, loss of a chromo- -

some should not produce a clear-cut bilaterality
in pigment distribution but should, nevertheless,
affect skeletal structures. The size asymmetry
in such birds can be recognized only by handling
and measuring or carefully comparing leg lengths,
and for this reason simple chromosome loss in
purebred individuals practically always escapes
detection. Where the chromosome carrying the
dominant allele of an expressed pigment in a
heterozygote is lost, however, the recessive char-
acteristic becomes expressed on the side from
which the chromosome is lost, and the resulting
lateral difference in color makes the individual
clearly identifiable. Thus birds in class 1 have
practically always been pigment mosaics, but that
lateral size asymmetry of the same order as that
which exists in these pigment mosaics can oceur
without pigment alterations is shown by the
present case G. It seems probable that such
cases are relatively frequent but undetected in
purebreds. When class 2 birds, the result of non-
disjunction, are found among purebreds the great
diserepancy in size between the sides makes the
bird easily detectable despite the absence of pig-
ment differences, as illustrated by cases of Mack-
lin (1923), Hutt (1937), and case E of Crew and
Munro (1938). It seems probable, therefore, that
the actual frequency of class 1 individuals is far
greater especially relative to class 2 than the
recorded cases indicate.

One of the most striking points in connection
with this subject is the frequency of the white
and yellow flesh mosaics. The high incidence of
such cases is undoubtedly partly accounted for
by the fact that individuals heterozygous for
white flesh are of relatively frequent occeurrence.
This statement applies especially to fowl in Eng-
land, where the sex-linked Sussex-Red cross is
very popular and where most of the flesh-color
mosaics have occurred. Nevertheless, the fre-
quency of this type of half-sider is so high as to
make it appear that the autosome which carries
these flesh color genes is particularly susceptible

_to aberration. Furthermore, and what is funda-

- mentally significant, this autosome appears to be
directly concerned at least with sex differentiation
if not sex determination, since unquestionably it
is this autosome and not the sex chromosome
which is the cause of the gynandromorphism of
our case D (figs. 3and 4). The difference in degree
of yellow pigmentation between the shanks of
case E in the same report indicates that the same
autosome is involved in this gynandromorph, a
pure Rhode Island Red. In fact, with the excep-
tion of Vecchi’s (1936) gynandromorph, there is
nothing which indicates that the same autosome
may not be responsible for all recorded cases of
sexual bilaterality, viz., cases of Macklin, Hutt,
and cases D and E of Crew and Munro. .,

In originally setting forth our postulate con-
cerning the existence of two more or less distinet
quantitative classes with respect to the lateral

-

and 2, to chromosome elimination and nondisjune-
tion, respectively, we, perhaps somewhat naively,
‘alluded to any one of the many fowl chromosomes.
Although no direct evidence is thus far available,
it is perhaps best to point out that the particular

Figure 3.—Gynandromorph, case D, showing
difference in lateral size. Smaller left side, fe-
male; right side, male, showing coarser skeletal
structures including spur.

Fieure 4.—Gonads of case D: Left, normal
resting ovary; right, lobulated testis containing
spermatogenic tubules and sperm.

effects brought about by the loss or gain of a
chromosome will largely depend on the particular
chromosome concerned. Our hypothesis has been
based very largely on evidence provided by
mosaics with white and yellow. flesh and may
be, and probably is, restricted in application
to mosaics resulting from aberrations in this
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particularautosomeonly. Infact,itisby no means
certain that the loss of a chromosome will always
cause a decrease in size or, conversely, that its
gain will cause an increase. The most complete
evidence in respect to the alterations produced by
the loss or gain of single chromosomes is that
recorded by Blakeslee and Belling (1924) in Datura
stramonium. The situation in the fowl is prob-
ably somewhat similar, and we may expect the
somatic alterations produced by the loss or gain
of single chromosomes to depend on the individu-
ality of the chromosome incriminated. Our pos-
tulation concerning the existence of two classes,
their basic causes—chromosome elimination and
nondisjunction—and especially the swing toward
the male sex in the trisomic side of class 2 females,
applies only to the autosomal white and yellow
flesh genes.

SUMMARY

Six new cases of mosaicism in the fowl are re-
corded, three being true laterally asymmetric
birds (half-siders) and three restricted or regional
mosaies. Of the former, two are in class 1 and one
in class 2. These classes are sharply defined, dif-
fering in the degree of lateral skeletal asymmetry
and previously ascribed by us to chromosomal
elimination and nondisjunction, respectively.

The definite segregation of all asymmetric fowl
thus far recorded into one or the other of these
two classes lends strong support to our hypothesis.
However, the theory should probably be limited

in application to aberrations in the autosome
carrying the white and yellow flesh genes since it
is based on evidence derived almost entirely from
half-siders with white and yellow flesh.

Lateral asymmetry in the fowl is characteristic
of certain families, and thus the tendency to
chromosomal aberration is apparently inherited.
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VERGLEICHENDE UNTERSUCHUNGEN UBER DIE VORHERSAGE DER
NACHKOMMENLEISTUNG MIT HILFE VON AHNENTAFELN
UND KURZSIPPENTAFELN

By Pror. H. F. KRALLINGER, Institut fir Tierzucht und Milchwirtschaft, University of
Breslau, Breslau, Germany

Aufgabe der vorliegenden Untersuchungen ist
es, die 3 Methoden der Erbgutschitzung von
Hihnen 1) durch den Partner-Nachkommenver-
gleich, 2) durch die Ahnentafel und 3) durch die
Kurzsippentafeln hinsichtlich ihrer Ubereinstim-
mung in Vergleich zu setzen. Dabei ist zu
beriicksichtigen, daf der Partner-Nachkommen-
vergleich der sicherste Mafistab ist. Er stellt ja
bereits den tatsichlichen Zuchterfolg eines minn-
lichen Zuchttieres im Vergleich zu seinen ihm
angepaarten weiblichen Tieren hinsichtlich der
hervorgebrachten FEileistung unter Beweis. Es
mufB deshalb auch moglich sein, die anhand der
Ahnentafel wie auch der Kurzsippentafel (Ahnen-
+ Ahnengeschwistertafel) ermittelte Leistung,
die in der praktischen Ziichtung vielfach als
Mafstab der Erbveranlagung eines Tieres ver-
wendet wird, miteinander hinsichtlich ihrer
Sicherheit zu vergleichen, indem beide Methoden
‘hinsichtlich ihrer Ubereinstimmungsgiite mit der

Partner-Nachkommen-Methode (Familienlei-
stungsblatt) gepriifft werden. Jene der beiden
Methoden—Ahnentafel wie Kurzsippentafel—-

welche nachweislich die bessere statistische Uber-
einstimmungsgiite zum Ergebnis der Prifung mit
dem Familienleistungsblatt hat, verdient dem-
nach auch in der Ziichtungspraxis den Vorzug
unter den beiden erstgenannten Methoden.

Das Untersuchungsmaterial wurde 284 Zuchten
(Leghorn, Italiener, Rhodelinder und Wyandot-
ten) des deutschen Reichsgefliigelherbuches mit
etwa 900 Familienleistungsblittern und 151
Kurzsippentafeln entnommen. Die geringe Zahl
der Kurzsippentafeln im Vergleich zu der der
Familienleistungsblitter erklirt sich dadurch,
daf die Buchungsunterlagen weiter zuriicklie-
gender Jahre noch manche Liicken aufwiesen und
somit eine vollstindige Ausfertigung der Kurz-
zippentafeln nicht méglich war. Auch die oben
erwihnten 151 Kurzsippentafeln konnten nicht
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alle zu dem Vergleich herangezogen werden. Um
zu wirklich folgerichtigen Schliissen kommen zu
kénnen, wurden an das zum Vergleich ausgewihlte
Material strenge Forderungen gestellt: 1.) Jeweils
die beiden nach den drei genannten Methoden zu
vergleichenden Héhne mufiten ihre Nachkommen-
schaft unter gleichen Umweltbedingungen her-
vorgebracht haben; es konnten daher nur Hihne,
die innerhalb des gleichen Jahres in der Zucht
standen, miteinander verglichen werden. 2.) Die
Verteilung der Nachkommen auf die einzelnen
Schlupfmonate mufte fiir beide Hihne anndhernd
gleich sein. 3.) Der Prozentsatz der gemerzten

geschwisterleistungen gegeniiber. Ein Vergleich
der durchschnittlichen Nachkommenleistung mit
der durchschnittlichen Ahnen- + Ahnengeschwis-
terleistung zeigt, daB in 7 von 11 Fillen der Hahn
die bessere Nachkommenleistung aufweist, fir den
auch die Ahnengeschwisterleistung héher ist. In
die Tabelle 1 ist noch die Spalte ‘‘Erbwert’’ des
Hahnes aufgenommen worden. Diese ist einfach
nach

Miitterdurchschnitt + Hahnenleistung
2

= T6chterdurchschnitt

TABELLE 1.—Hdhne, welche sich hinsichtlich ihrer Erbveranlagung deutlich unterscheiden mit ihrer Nachkommen- und Ahnen-
+ Ahnengeschwisterleistung

Miitter- p Ahnen- +
Zucht Hahn | durch- Tdchter- Anzahl | Erbwert | Ay oeschwis- | @ Anzahl
. schn. durchschn. d.Hahnes| “to. 3, rohschn.
v. Platen........... 105/36 | 15,2 12,89 = 0,354 kg | +2,5021 | 50 10,58 | 13,30 4+ 0,203 kg | +2,162 | 113
C 110/36 | 15,0 | 14,11 + 0,321 **| +1.8168 | 32 13,22 | 13,50 & 0,200 * | =+2,126 | 103
Henrici. ............ 3223/36 | 13,3 | 11,43 4 0,340 “* | 42,4531 | 50 9,56 | 11,63 40,242 * | 1,964 | 66
o 3276/36 | 13,0 | 10,37 £ 0,217 * | 41,3872 | 41 774 |11,99 + 0,240 * | 22,105 | 77
Kaiser.............. 93/3¢ | 13,2 [10,62£0,305 “ | 42,1752 | 51 7,92 |11,00 40,371 “ | +2,901 | 61
w 7612/34 | 13,6 | 11,950,219 “ | £1,8827 | 74 10,30 111,38+ 0,334 ** | 2,889 | 75
Kaiser. ............. 7522/34 | 13,6 | 10,23 4 0,422 ** | 42,3084 | 30 6,86 |12,0540,321 | 42,740 | 73
L 7628/34 | 13,8 | 11,80 + 0,246 “ | 42,0854 | 72 9.98 [12,954+ 0,364 " | +2,935 | 65
Kaiser | eesss | 13,2 | 9,184 0,217 | 42,1925 | 102 516 (12,65 40,202 " | 42,513 | 74
. 552/35 | 13,6 | 8,030,308 “ | +£2,1094 | 51 .46 [ 12,37 + 0,357 ** | 2,837 63
Beyer............... 1729/36 | 13,3 110,88 40,142 * | £1,6853 | 141 8.46 |11,31 40,273 | +2,514 | 85
.| 1B13e | 13,4 |11,83+ 0,228 ¢ | £1,8001 | 65 1030 | 12,61 = 0,242 ** | 2,233 | 85
Beyer............... 1767/36 | 12,9 |11,25 0,194 * | 41,5764 | 66 9,60 12,53 +£0,233 “ | +1,938 | 69
o 1674/36 | 13,1 |10,48+ 0,221 ** | +1,6651 | 57 7.86 | 11,76 + 0,257 ** | 42,570 | 100
177136 | 13,2 | 11,16 0,211 “ | 41,7548 | 69 9,10 | 12,73 £0,257 * | +2,042 | 63
1674/36 | 13,1 | 10,48 +£0,221 * | 41,6651 | 57 7.86 | 11,76 + 0,257 * | +2,570 | 100
4423/35 | 13,2 | 10,27 = 0,367 ** | +1,7098 | 24 7,34 11,954+ 0,217 “ | +1,84 | 74
14935 | 9,1 (12,17 + 0,254 “ | +1,4148 | 31 15.24 11,03 + 0,304 “ | +£2,253 | 55
8028/36 | 12,0 | 10,49 =£ 0,303 * | 41,7120 | 19 8,93 | 11,50 0,270 ** | +2,058 | 58
36/36 | 13,0 | 10,40 & 0,264 “* | +£1,6704 | 40 7.80 | 12,62 + 0,262 | +£2,142 | 67
6774/34 | 13,0 | 9,20 £ 0,457 ** | +2,1015 | 23 5,55 | 11,554+ 0,340 “ | +2,154 | 38
o 4361/34 | 12,2 | 11,66+ 0,385 * | +1,8068 | 22 1112 | 11,68+ 0,365 * | +2,159 | 35

Tier mufite fiir beide zu vergleichende Gruppen
annihernd derselbe sein. 4.) Unter Beriicksichti-
gung des Miitterdurchschnittes mufiten die Nach-
kommenleistungen grofiere Differenzen aufweisen,
um zu nachweislichen Unterschieden zwischen den
Hihnen zu gelangen.

Infolge der notwendig getroffenen Einschrin-
kungen war daher nur fiir 11 Fille ein Vergleich
zwischen der Bewertung nach der Kurzsippentafel
und der Ahnentafel méglich. Tabelle 1 bringt
eine Ubersicht der Hiahne, fiir welche der Vergleich
durchgefithrt werden konnte und stellt zugleich
die Nachkommenleistungen den Ahnen- + Ahnen-

ermittelt worden. Es wurde jeweils fur die
beiden zu vergleichenden Hihne die Differenz
ihres Erbwertes berechnet und mit einem posi-
tiven Vorzeichen versehen, wenn ihr Unterschied
in der gleichen Richtung lag, wie bei den Ahnen-
+ Ahnengeschwistern. In Tabelle 2 sind diese
fiir den Erbwert und die Kurzsippentafeln erge-
benden Differenzen zusammengestellt und die
sich durchschnittlich ergebende Abweichung
zwischen der Bewertung nach der Kurzsippentafel
und dem Familienleistungsblatt berechnet
worden.

Es ergibt sich danach eine durchschnittliche
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Abweichung von + 0,06. Dies besagt, dafl
zwischen der Beurteilung nach der Kurzsippen-
tafel und der tatsichlichen Zuchtbewihrung des

TABELLE 2.—Abweichungen der Kurzsippentafel vom
Familienleistungsblatt

Dif.i'elre.nfl deé zZu

vergleichende

Zucht B H?ihne nachn Fl%ggT
F.L.B. K.S.T.
+2,64 0,19 +2,45
—1,82 0,37 —2,19
—2,38 0,61 —2,99
+3,12 0,20 +2,92
+2,70 0,28 +2,42
+1,84 1,30 +0,54
+1,74 0,77 40,97

—+1,24 0,97 +0,27

v. Oertzen. . —17,90 0,02 —7,92

Liebler................... —1,18 1,02 -~1,20

Reitzenstein.............. +5,54 0,13 +5,41

TABELLE 3.—Gegeniberstellung der Ahnenleistung mait den
Nachkommenleistungen der zu vergleichenden Hihne

g 5 &
< = e

LI.E .2 < g

Zucht Hahn e g <

53 | i3 | 2B
= < >
v.Platen.................. 105/36 | 12,89 | 15,58 4
L 110/36 | 14,11 15,99 4
Henriei. .. [ R 3223/36 11,43 13,38 4
S 3276/36 | 10,37 | 13,11 4
Kaiser..................... 93/34 | 10,62 | 13,93 3
P 7612/34 11,95 14,07 3
Kaiser..................... 7522/34 10,23 13,78 4
A 7628/34 | 11,89 14,16 4
Kaiser..................... 695/35 9,18 | 14,45 3
L 552/35 8,03 14,08 3
Beyer..o................. 1729/36 | 10,88 | 13,30 4
o J 1551/36 | 11,83 14,03 4
Beyer...................... 1767/36 | 11,25 | 13,69 4
R 1674/36 | 10,48 | 13,38 4
Beyer. .................... 1771/36 | 11,16 | 13,89 4
L 1674/36 | 10,48 | 13,38 4
v. Oertzen................. 4423/35 10,27 13,24 4
Y 149/35 | 12,17 | 14,29 3
Liebler................... 8028/36 | 10,49 | 13,45 3
R 36/36 | 10,40 | 14,35 3
Reitzenstein 6774/34 9,29 13,88 3
“ 4361/34 11,66 13,41 2

Hahnes Ubercinstimmung besteht und zwar eine
sehr gute. Die Abweichung ist nur sehr gering.
Der gleiche Vergleich wurde fir die Ahnentafel
und das Familienleistungsblatt durchgefiihrt.

In Tabelle 3 sind die Ahnendurchschnittsleistun-
gen zusammengestellt und wieder den Nachkom-
menleistungen gegenitber gestellt worden.

Hier weisen in 9 von 11 Fillen die zwischen den
einzelnen Hahnen bestehenden Unterschiede beim
Tochter- und Ahnendurchschnitt in die gleiche
Richtung. Es wurde auch die durchschnittliche
Abweichung berechnet und ist aus nachfolgender
Tabelle 4 zu ersehen:

TABELLE 4.— Abweichungen der Ahnentafel vom
Familienleistungsblatt

Diﬁelre.n}z] deé zu
- veglosionn | rrp, -

F.L.B. A.T.
v. Platen. 42,64 0,41 +2,23
Henrici. .. +1,82 0,27 +1,55
Kaiser +2,38 0,14 +2,24
“ +3,12 0,38 +2,74
“ +2,70 0,37 +2,33
Beyer..................... +1,84 0,73 +1,11
T +1,74 0,31 +1,43
R +1,24 0,51 40,73
v. Oertzen................ +7,90 1,05 +6,85
Liebler................... —1,18 1,10 —2,28
Reitzenstein.............. —5,54 0,47 —6,01

Danach ergibt sich die durchschnittliche Ab-
weichung der Bestimmung der Leistungsveranla-
gung eines Hahnes nach der Ahnentafel von seiner
Erbgutschiitzung nach dem Partner-Nachkom-
menvergleich zu + 1,17. Das positive Vorzeichen
besagt, daB zwischen der Bewertung nach der
Ahnentafel und der tatsichlich erhaltenen Nach-
kommenleistung eine {bereinstimmung dahin
besteht, dafl der Hahn mit den besseren Ahnen-
leistungen auch die besseren Nachkommenlei-
stungen aufweist. Jedoch ist die durchschnitt-
liche Abweichung von dem tatsichlichen
Zuchterfolg hier bedeutend hoher als bei einer
Bewertung nach der Kurzsippentafel (4 1,17
gegeniiber + 0,06). Eine variationsstatistische
Sicherstellung dieser Abweichungen ist infolge der
geringen Zahl der Fille leider nicht moglich.
Letztere war wieder eine Folge der schon oben
erwihnten notwendigen Strenge der gestellten
Forderungen. Aus diesen aber sonst einwandfrei
durchgefithrten Untersuchungen geht hervor, dafl
von den beiden Methoden—Beurteilung nach der
Ahnentafel oder Beurteilung nach der Kurzsip-
pentafel —diejenige nach der Kurzsippentafel den
Vorzug verdient, da sie die groflere Ubereinstim-
mungsgiite mit dem tatsichlichen Zuchterfolg
aufweist und somit bei der Auswahl der Zucht-
hihne den sichersten Wertmafistab darstellt; ist
doch die richtige Hahnenwahl von sehr grofler
Bedeutung fiir den ziichterischen Fortschritt.

Es ist beabsichtigt, die Untersuchungen an
weiterem Material des deutschen Reichsgefliigel-
herdbuches fortzusetzen und eine umfassende
Arbeit daritber zur Zeit des Weltgefligelkon-
gresses im Archiv fiir Gefliigelkunde zur Veroffent-
lichung zu bringen.
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ZUSAMMENFASSUNG

Aufgabe der vorliegenden Untersuchungen war
es, die 3 Methoden der Erbgutschitzung von
Hihnen 1) durch den Partner-Nachkommenver-
gleich, 2) durch die Ahnentafel, 3) durch die
Kurzsippentafel hinsichtlich ihrer Ubereinstim-
mung in Vergleich zu setzen. Da der Partner-
Nachkommenvergleich den tatsichlichen Zuch-
terfolg darstellt, bietet er den sichersten MafBstab.
Es wurden daher die aufgrund der Ahnentafel wie
auch der Kurzsippentafel ermittelten Leistungen
hinsichtlich ihrer Ubereinstimmungsgiite mit der
Partner-Nachkommenmethode (Familienleis-
tungsblatt) gepriift. Das Unterlagenmaterial
wurde dem Deutschen Reichsgefliigelherdbuch
entnommen. Von dem zum Vergleich herange-
zogenen Material wurden gleiche Umweltbeding-
ungen, gleicher Prozentsatz der gemerzten Tiere
und groBere Differenzen der Nachkommenlei-
stungen gefordert. Infolge dieser fiir folgerichtige
Schliisse notwendigen Einschriinkungen war daher
nur fir 11 Fille ein Vergleich zwischen der Bewer-
tung nach der Kurzsippentafel und der Bewertung
nach der Ahnentafel moglich. Der Vergleich
wurde derart durchgefithrt, da sowohl fur die
Ahnen- + Ahnengeschwisterleistung (Bewertung
nach der Kurzsippentafel) als auch die Ahnen-
leistung (Bewertung nach der Ahnentafel) die
Differenz zwischen den zu vergleichenden Hahnen
ermittelt wurde und diese jeweils der sich auf-
grund des Familienleistungsblattes gewonnenen
Erbwertdifferenz gegeniibergestellt wurde. Die
Erbwertfeststellung eines Hahnes anhand des
Familienleistungsblattes erfolgte nach

Miitterdurchschnitt + Hahnenleistung
2

= Téchterdurchschnitt

Es ergab sich fiir die durchschnittliche Ab-
weichung zwischen der Bewertung nach der
Kurzsippentafel und dem Familienleistungsblatt
40,06, far die durchschnittliche Abweichung
zwischen der Bewertung nach der Ahnentafel und
dem Familienleistungsblatt +1,17. Daraus folgt,
dafl die aufgrund der Kurzsippentafel als auch der
Ahnentafel fir besser befundenen Hihne im
Durchschnitt auch die besseren Nachkommenlei-
stungen aufweisen; jedoch ist die durchschnittliche
Abweichung von dem tatsichlichen Zuchterfolg
fir die Ahnentafel bedeutend héher als fir die
Kurzsippentafel. Letztere zeigt eine sehr hohe
Ubereinstimmung mit der tatsichlichen Zucht-
bewiithrung eines Hahnes, sodafl sie ohne Zweifel
den sichersten wertmafstab fiir die Auswahl der
Zuchthihne darstellt.

SUMMARY

The present paper is concerned with a compari-
son of the three methods of evaluating the geno-
type of cocks: (1) The partner-progeny test, (2)
the production of the ancestors, and (3) the pro-
duction of the sibs.

Since the partner-progeny test represents the
actual breeding results, this test offers the most
certain measure of the genotype and, therefore,
the productions determined from the production
of the ancestors as well as from the production
of the sibs were tested for fit with the former.

The source of the data was the German National
Poultry Pedigree Register. The material to be
compared was selected for identical surroundings
and for the same percentage number of culled
individuals with greater variation in the progeny
production. Because of these standards set,
necessary for valid conclusions, only 11 cases
were available for evaluation according to the
production of the ancestors and the production
of the sibs. Comparisons were made by first de-
termining the difference between the cocks to be
tested against each other according to the produc-
tion of the sibs as well as according to the produc-
tion of the ancestors and then comparing this
difference with the respective genotypic difference
which is based on the family production pedi-
gree.

The determination of the genotype of a cock
from a family production pedigree is as fol-
lows:

Mean of the dam’s production
+ sire index of production

2

= daughter index

The mean deviation between the evaluation ac-
cording to the production of the sibs and the
family production pedigree was +0.06; the mean
deviation between the evaluation according to
the production of the ancestors and the family
production pedigree was +1.17.

Hence the sires having better standing accord-
ing to the production of the sibs as well as accord-
ing to the production of the ancestors on the aver-
age also show the better progeny production.
However, the mean deviation from the actual
breeding results is considerably higher for the
production of the ancestors than for the produc-
tion of the sibs. The latter shows a very high
correspondence with the actual progeny produc-
tion of the sire so there is no doubt that this repre-
sents the most certain standard of selection for
breeding sires.
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HERITABLE BODY SHAPE OF THE DOMESTIC TURKEY

By R. GEORGE Jaap, Assistant Professor in Poultry Husbandry, R. B. Tuompson, Head,
Department of Pouliry Husbandry, and T. T. MiLy, Assistant Professor
in  Poultry Husbandry, Oklahoma Agricultural Erperiment Station,
Stillwater, Oklahoma, U. S. A.

These researches concerning heritable body
shape in turkeys were initiated to determine the
value of selective breeding in the production of
birds having superior market conformation.
Owing to the general increase in buying and sell-
ing on a conformation basis, the primary purpose
was to evaluate the contribution of heredity as
contrasted with environmental conditions of feed-
ing and management. When the environment is
uniform, the inheritance of the bird defines the
limit of quality. It is only the heritable portion
of the variability that constitutes any permanent
improvement in the breed.

Body conformation is ordinarily described in a
subjective manner, resulting from impressions
received through the hands and eyes. Such obser-
vations vary with the individual and with pre-
vious experiences. To obtain observations based
on definite standard units, linear measurements
of the body were expressed as a ratio of the cube
root of the body weight. These resulting numeri-
cally expressed measures of body shape are sum-
marized and, by the use of statistical analysis,
their value is predicted.

Since a large number of measurements would be
too laborious, a survey was made of the value of
eight different linear dimensions from the living
bird. This study! involved 1,295 turkeys of five
different breeds measured between the twenty-
seventh and twenty-eighth week after they had
been hatched. In this trial, the ratio between
the shank length and the cube root of the body
weight proved to be superior. In addition,
similar ratios involving the anterior body depth
and keel length gave added information. As they
were used in this trial, other measurements of
body depth and width proved to be valueless for
selective breeding.

When linear measurements are treated in the
manner described, they become valid numerical
expressions of body shape. They corroborate
those impressions received through the eyes and
hands when birds are handled. Proportionally,
males have greater anterior body depth and shank
length than do females. As expressed by dif-
ferences between breeds under similar feeding
and management, the influence of heredity is
best measured by proportional length of shank,
anterior body depth, and length of keel. Pro-
portional body weight for a specified shank
length is an excellent measure of plumpness of
the body and, incidentally, when birds of similar
breeding are compared it depicts the apparent

1Jaap, R. G. Body conformation of the live market turkey.
Poultry Sei. 17:120-125. 1938.

fatness or finish of the body for human con-
sumption.

To check these results further with those ob-
tained from the body after the feathers are
removed, 132 dressed males and 115 dressed fe-
males were measured and graded at a commercial
packing plant. The results of these investiga-
tions give additional support to the conclusions
already stated. In a study reported at the same
time,? these ratios proved to be equally applicable
in expressing numerically the body shape of
cockerels and capons at 10 months after hatching.
From these and other researches it appears logical
to conclude that each race or species of bird is
constructed on a rather definite skeletal pattern.
The length of the tarsometatarsus (shank) is an
index of the skeletal size of the bird. If addi-
tional flesh and fat are placed around this pre-
viously defined skeletal size, the result is a more
rotund body that commands a higher market value
when sold for human consumption.

An interesting relation between the termination
of growth in length of the shank and cessation of
general body growth has been reported.? Gen-
eral body growth of turkeys and chickens, when
measured by consistent increase in weight or
keel length, continues to the end of the tenth
month or longer after hatching. Most of the
females have attained their maximum shank
length by 20 weeks of age, whereas that of the
males continues for approximately 4 weeks longer.
Considering shank length as a measure of skeletal
size, when body shape of a strain is known,
hereditary size of the bird may be predicted at 5
months of age in females and at 6 months in males.
Since the length of time to which the shank is
subjected to fluctuating environment is approxi-
mately half of that required for complete growth,
its value as a measure of hereditary size is evi-
dent.

In cognizance of these facts, a study was made
of the hereditary sex difference in actual shank
length for the purpose of using both sexes in the
study of the progeny of different dams. For
this purpose all progenies of dams having fewer
than four individuals of one sex were arbitrarily
omitted. These records include shank lengths
of 511 males and 508 females. In this popula-
tion there was no overlapping of the shank length
of the two sexes. The mean shank length for all

2Jaap, R. G., and PeNqQuite, R. Criteria of conformation
in market poultry. Poultry Sci. 17:425-430. 1938,

3 Jaap, R. G. Estimating the influence of heredity on the
tarso-metatarsal length of the domestic turkey. Okla. Acad.
Sei. Proc. 18:11-13. 1938.
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birds recorded was 7.57 inches for males and 5.95
inches for females. In a study of the progeny of
37 dams, the shank lengths of males were 27.3
percent greater than those of their full sisters.
In a comparison of the adjusted mean length of
the shanks of females with that of their brothers,
a highly significant fit was demonstrated by the
Chi-square method of goodness of fit. As a
further check, the correlation between mean
shank length of brothers and sisters was found
to be 0.72 and is highly significant.

From an analysis of the variance contributed
by the sire and the dam, it is noted that the
influence of heredity is greater on shank length
of the female than on that of the male. This fact
may be attributed to the shorter period of time
required for completion of shank growth in
females. Should it be necessary to adjust the
shank lengths of the sexes to similar numerical
values for inheritance studies, the shank length
of the female should be adjusted to that of the
male by multiplying the former by 1.273.

The quantity of flesh on the breast of the bird
is of greatest interest to both seller and buyer.
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reared under the same feeding and management
vary in proportional body shape. To test the
influence of heredity within a breed, superior
and inferior conformation selections are being
made in the Narrangansett variety. The aim
in these selections is to keep the adult weight
approximately the same in both lines. In the
superior selections, birds approaching the ideal
market quality are chosen as parents. The age
at which market quality is determined is 24
weeks for females and 28 weeks for males. These
ages correspond to approximately 4 weeks after
the shank has ceased growth in length. Angular-
bodied birds are used to perpetuate the inferior
selections. Each parent is selected entirely from
the measurements taken at the ages specified.
Personal opinion is eliminated as far as possible.
For this report, the first-year selection records
only are available.

Since turkeys are marketed before they have
reached the end of their growth period, periodic
weights were taken from the twelfth week until
the fifty-second week after hatching. These were
recorded at 12, 16, 20, 24 weeks, and every 2

TaBLE 1.—Mean data for the adult progeny resulting from the superior and inferior parent selection

Mean age at— Maximum ﬁrst;s;e_ar measurement
TYSOLPER | Soxof progeny | Binds | Meen Body
Mag;xél; o First egg Shank Keel Anterior
welght length length depth
Number Weeks Weeks Pounds Inches Inches Inches
Superior... ......... Female 26 42.1 43.3 15.42 5.91 6.29 7.14
Inferior.............|[)° et 44 46.7 47.7 15.01 6.02 6.29 7.47
Superior............. Male 26 48 | 29.06 7.57 8.79 10.40
Inferior............. /) et 29 48 | 27.70 7.59 8.34 10.40

The contour of this area probably has more
influence on the monetary value of the bird than
that of any other region. To locate the best
points from which to measure breast width many
different possibilities have been tested. The
method of location that gives best results, both
by agreement with the visual appearance and by
the largest numerical difference between visual
conformation groups, is briefly as follows. Sus-
pend the freshly killed, plucked, and chilled
bird by the legs. Measure the width of the breast
from points on each side that are approximately
14 inches from the anterior point of the keel on
a line toward the insertion of the femurs. The
reasons for this choice of location have been
described by Jaap and Penquite.t Owing to a
relatively large experimental error, no satis-
factory measure of breast width has yet been
devised for live birds. The relation between
shank length and body weight proved to be much
superior for use in breeding studies.

The preliminary population survey demon-
strated that at 28 weeks of age breeds of turkeys

4 See footnote 2.

weeks thereafter. By the use of the criteria of
conformation that have been discussed, during the
first year the superior selection has consistently
maintained plumper bodies throughout this
growth period.

In table 1 are presented mean data for age at
first egg of the females and maximum first-year
measurements of both sexes. It will be observed
that the female progeny of the superior selection
obtained maximum body weight approximately
43 weeks younger than those from the inferior
mating. An interesting relation is noted between
age at maximum body weight and age at first
egg. In both selection lines the former precedes
the latter by about 1 week.

SUMMARY

To study the influence of heredity on the con-
formation of the domestic turkey at market age,
linear measurements are expressed as a ratio of
the cube root of the body weight. Of eight differ-
ent measurements used, three giving superior
and consistent results are shank length, anterior
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body depth, and keel length. For these three
measurements a relatively high correlation is ob-
tained between values for live and dressed birds.

The female shank reaches its mature length
between the twentieth and twenty-second week
after hatching, whereas the male shank requires
approximately 4 more weeks to complete its
growth in length. The same is true for the
domestic chicken. General body growth, when
measured by increase in keel length or consistent
increase in body weight, continues until 42 to
48 weeks. The mature shank of the turkey male
is 27.3 percent longer than that of the female.
Heredity has greater influence on female shank

length, probably resulting from a shorter period
of growth.

Selections of superior (plump) and inferior
(thin, angular) parents from measurement data
produce offspring that differ in body shape from
the twelfth to the fifty-second week after hatch-
ing. Progeny of the superior selection have
proportionally shorter shanks and proportionally
less body depth at all ages measured. Female
progeny from the superior selection reach maxi-
mum body weight approximately 43 weeks prior
to those of the inferior selection. Mean age at
first egg occurs about 1 week after greatest first-
year weight is attained.

ABSENCE OF LINKAGE BETWEEN GENES FOR EARLY SEXUAL MATURITY
AND GENES FOR HIGH PERSISTENCY IN EGG PRODUCTION
IN THE DOMESTIC FOWL

By F. A. Havs, Research Professor in Poultry Investigations, Massachusetts State
College, Amherst, Massachusetts, U. S. A.

Hays (1927) suggested a possible linkage rela-
tion between autosomal gene E’ and gene P for
high persistency in egg production because most
early maturing birds were highly persistent and
most late maturing birds were nonpersistent.
It was suggested at that time that high persist-
ency was governed by one dominant autosomal
gene. Hays and Sanborn (1933) reported the sim-
ple correlation between age at first egg and length
of biological year to be —0.5661 %= 0.0152 with
linear regression. Hays (1936) presented further
evidence to indicate that high persistency is
governed by a single dominant autosomal gene.
Knox, Jull, and Quinn (1935) studied some of the
different measures of persistency and suggested
a possible spurious relationship between sexual
maturity and persistency. Lerner and Taylor
(1937a) showed statistically that the correlation
between sexual maturity and length of the bio-
logical year is spurious. Lerner and Taylor
(1937b) have shown that age at the end of the
biological year, instead of length of the biological
year, may be used as a measure of persistency.

The studies reported here are based on the
same group of 911 Rhode Island Reds reported on
by Hays and Sanborn (1933). This report is an
effort to show statistically that the correlation
between age at first egg and length of biological
year is spurious and to show why no linkage exists
between the gene I/ for early sexual maturity
and gene P for high persistency. Even though
there is a spurious correlation between age at
sexual maturity and duration of the biological
year, there is no evidence against the inheritance
of the ability to lay for a long period before the
onset of annual molt.

Simple correlations

—0.5651 +0.0152
—0.4632 +£0.0176
+0.1239 +0.0220
—0.0654 £-0.0223

Age at first egg and length of
biological year..............
Age at first egg and annual per-
sisteney............. ...
Age at first egg and age at last
‘egg within 365 days..........
Age at first egg and age at last
egg of biological year........
Age at last egg of biological
year and length of biological
+0.8656 =+=0.0056

—0.3213 4-0.0200
+0.5520 +£0.0155

duction... . ..................
Length of biological year and
annual production...........

Since length of the biological year equals age
at last egg (I) minus age at first egg (f), then since
l and f are not correlated (r = —0.0654 + 0.0223),
the correlation between f and length of biological
year (r = —0.5651 =% 0.0152) is spurious. The
above relationships account mathematically for
the high correlation existing between age at
first egg and duration of the biological year.

A study of the regression of age at last egg of
the biological year on age at first egg showed a
linear relationship in these data. Although the
value of the coefficient of correlation indicated
an insignificant relationship, the actual age of the
early maturing birds was about 25 days greater
at last egg than that of the late maturing birds.
In other words, there was a very close approach
to a significant negative correlation between age
at first and last eggs of the biological year.

Attention may next be given to evidence against
linkage between the autosomal gene E’ for early
sexual maturity and gene P for high persistency.
Sex-linked gene E for early "sexual maturity

.~ need not be considered here because there is no
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evidence of sex-linked genes governing per-
sistency.

The birds used in this study represent a spe-
cially selected group made up of the most
promising individuals for breeders at the close of
each first laying year. The sample was made up
almost entirely of early maturing and highly
persistent individuals. Table 1 shows no con-
sistent change since 1920 either in mean age or in
mean length of the biological year. These birds
differ greatly from the flock as a whole, which
showed consistent progress in -increasing the
length of the laying year through this period.

A detailed study of the ranges in age at first
egg and age at last egg of the biological year,
considering both the early maturing genotypes
(E E’, E e, and e E’) and the late genotype
(e o e’ e’) together with the persistent (PP and
Pp) and the nonpersistent (pp) genotypes,
brought forth some important information. These

TaBLE L.--Mean age of birds at first egg and mean length of
biological year

Year in Age of birds at first egg Length of biological

which birds year
were -
hatched: Birds Mean age Birds Igl?t‘;x
Number Days Number Days

1917.......... 118 207.05 118 326.64
1920........ .. 40 192.63 40 373.90
1921 ... .. 46 200.02 46 348.04
1922 ......... 133 185.53 133 368.59
1923.......... 74 198.43 74 361.86
1924 ... 44 187.11 44 375.08
1925........ .. 115 182.44 115 360.82
1926.......... 69 183.14 69 371.86
1927 ... . 75 182.31 75 374 .45
1928, ........ 89 | 191.39 89 381.27
1929.... ..., 71 I 188.41 71 373.32
1930....... .. 37 1 187.03 37 371.14

1 Birds were not carried through 1918 and 1919 because of
disease.

studies, the results of which follow, are based on
911 Rhode Island Red females.

Total range for age at first egg, 140 to 319 days,
a difference of 179 days.

Possible range for age at first egg in early matur-
i;g group, 140 to 215 days, a difference of 75

ays.

Possible range for age at first egg in late maturing
group, 216 to 319 days, a difference of 103 days.

Total range for age at last egg, 390 to 679 days, a
difference of 289 days.

Possible range for highly persistent birds, 410 to
679 days, a difference of 269 days.

Possible range for nonpersistent birds, 390 to 588
days, a difference of 198 days.

Possible range in age at last egg of highly per-
sistent birds in early maturing class, 410 to 679
days, a difference of 269 days.

Possible range in age at last egg of highly persist-
ent birds in late maturing class, 486 to 679
days, a difference of 193 days.

Possible range in age at last egg of nonpersistent

birds in early maturing class, 390 to 484 days,
a difference of 94 days.

Possible range in age at last egg of nonpersistent
birds in late maturing class, 390 to 588 days, a
difference of 198 days.

In the population studied, the odds in favor of
a bird being early maturing were (8;%:1% and the odds
in favor of a bird being highly persistent were
ggg On this basis, the probability of a bird
being both early maturing and highly persistent
was 0.88. Such odds indicate that the program
of breeding for early sexual maturity and high
persistency has been effective.

As has already been shown, there is no signifi-
cant correlation between age at first egg and age
at last egg of the biological year. This fact
indicates mathematically that the observed nega-
tive correlation between age at first egg and
length of the biological laying year is spurious.
Since the correlation between sexual maturity
and duration of the biological laying year is
spurious, the assumption is that no linkage exists
between genes for early sexual maturity and genes
for high persistency.

Assuming that the most frequent type of mating
to produce the 911 birds through the years was
Ee E’ ¢/ males X Eo E’ e’ females, the expectation
would be seven-eighths early maturing to one-
eighth late maturing, or 798 to 114. The actual
ratio was 824 early maturing to 87 late maturing.
The actual agrees rather closely with the expected
ratio. In the total population, one-eighth
should be early maturing because of gene E alone
and six-eighths should be early maturing because
of gene E with E’ or gene E’ alone. If gene P
is linked with gene E’, six-eighths of the 911 birds
should be early maturing and persistent. The
calculation was 683 early maturing and per-
sistent, 114 early maturing and nonpersistent,
and 114 late maturing. The actual data showed
821 early maturing and persistent, 3 early
maturing and nonpersistent, and 87 late maturing,
of which 71 were highly persistent and 16 non-
persistent. These data furnish no evidence of
linkage between the sexual maturity gene E’
and persistency gene P. The significant fact
has also been observed that no early maturing
families occurred in which all individuals lack
high persistency, as would be the case in families
carrying sex-linked gene E only.

A crucial test for the absence of linkage between
autosomal gene E and autosomal gene P could
be made in a line of birds known to lack the sex-
linked gene E for early sexual maturity but
carrying gene E’. Such a line is now being devel-
oped by the use of a sex-linked gene as a marker.

SUMMARY

A study of possible linkage between genes for
early sexual maturity and genes affecting length
of the biological laying year was made on 911
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Rhode Island Red females hatched from 1917 to
1930. The spurious correlation between age at
sexual maturity and length of the biological year
reported by Lerner and Taylor (1937a) in Leg-
horns was found to occur in Rhode Island Reds.
The data further indicate independent inheri-
tance of genes for early sexual maturity and genes
for high persistency. No evidence appeared
against the expediency of selecting breeding stock
on the basis of length of biological year.
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VERERBUNG DER AUGENFARBE BEI HUHNERN

Von Dr. Loruar WEINMILLER, Kreisgefligelzuchtanstalt fir Oberbayern
Erding, Deutschland

Den Mittelpunkt des Auges bildet das schwarze
Sehloch, die Pupille, die beim Huhn kreisrund
sein soll. Der Pupillenrand soll scharf abgesetzt
sein gegen den ihn umgebenden breiten farbigen
Ring, die Iris oder Regenbogenhaut. Diese Re-
genbogenhaut ist bei den weitaus meisten Hithner-
rassen gelbrot oder orangerot. Die wenigen Ras-
sen, fiir die der Standard hiervon abweichende
Augenfarbe vorschreibt, spielen wirtschaftlich
kaum eine Rolle. Die folgende Arbeit beschriankt
sich auf die Untersuchungen der Verinderungen,
die die Augenfarbe von Hiithnern mit gelbroten
bezw. orangeroten Augen erleidet, sie sind an
weifien Leghorn, rebhuhnfarbigen Italienern und
roten Rhodelindern durchgefithrt. Um die Frage
der Vererbung der Augenfarbe priifen zu konnen,
sind erst Beobachtungen der auftretenden Verin-
derungen erforderlich. Die Untersuchungen
werden an einem Bestand durchgefiihrt, in dem
hiufig Augenverinderungen beobachtet wurden.
Sie begannen im Januar 1938 und sind im Zeit-
punkt der Niederschrift dieses Berichtes noch
nicht abgeschlossen. )

Fiir den Versuch diente in erster Linie eine
Gruppe von 747 Jungtieren, die alle mit Kiicken-
marken einzeln gekennzeichnet waren und von
Elterntieren mit gelbroten bezw. orangeroten
Augen abstammen. Die Augen der Kiicken waren
einheitlich blaugrau, schmutziggrau, Pupille und
Iris waren nicht zu unterscheiden.

Im Alter von 12 Wochen wurden diese Kiicken
beringt. Auch zu diesem Zeitpunkt war die
Pupille noch nicht scharf gegen die Iris abgesetzt,
bei einem Teil der Tiere war die Pupille beider-
seits geradezu unrund. Um die Pupille zog sich
bei der Mehrzahl der Tiere noch ein grauer Ring.
Die Regenbogenhaut war graugelb, griingelb, zum
Teil tritb. Vor allem bei zuriickgebliebenen
Tieren war die Iris noch grau oder gar blaugrau.

Nur einzelne Tiere hatten bereits gelbe, ganz ver-
einzelte schon hellorangefarbene Augen. Es geht
daraus hervor, daf die Einfirbung des Auges sich
bei den verschiedenen Tieren nicht ganz gleich-
mifig vollzieht. Allgemein ist festzustellen, dafl
sich das Kiickenauge itber graugriin zu graugelb—
hellgelb—gelb—gelbrot—orangerot—und rot ver-
firbt. Im Entwicklungsalter wurden alle Uber-
ginge dieser Farbenskala angetroffen. Die Iris
ist dabei zum Teil klar, zum Teil trith. Von den
Augen der 747 beobachteten 12 Wochen alten
Junghennen wurden bezeichnet als:

Tiere  Prozent
Griin bis gritngrau. ..................... 225 30
grau bis graugelb................ ... oL 125 17
tritbgrau bis tritbgelb.................... 124 17
gelb bis orangegelb...................... 254 33
OTanEerot...........oviiiriiiienanaaa.s 19 3

Allgemein kann gesagt werden, dafl im Alter
von 12 Wochen die Einfirbung der Iris um so
weiter vorgeschritten ist, je kriiftiger das betref-
fende Tier entwickelt ist.

Die nachste Untersuchunge der Augen dieser
Jungtiere wurde anliflich der Blutentnahme zur
Untersuchunge auf Bakterium Pullorum vor-
genommen. Zu diesem Termin, im September
1938 waren die Tiere nun nicht mehr wie bei der
Beringung gleich alt, das Alter schwankte zwischen
41 und 6% Monaten. Bei dieser Untersuchung
zeigten nur 1,2 Prozent aller Tiere noch triitbgelbe
Farbung der Regenbogenhaut, sidmtliche iibrigen
Tiere hatten gelborange bis dunkel rotorange ge-
firbte Augen.

Die dritte Gesamtuntersuchung fand anfangs
Februar 1939 statt, die Tiere waren nunmehr 9 und
11 Monate alt. Hier ergab sich nun ein ganz
anderes Bild. Bei einem Teil der Tiere hellte die
Iris wieder auf, bei einem Teil verfirbte oder
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entfirbte sie sich und zwar auf zweierlei Weise:
(1) Es bildet sich rund um die Pupille ein anfangs
kaum auffallender hellerer Ring. Der Ring
nimmt dann an Breite immer mehr zu, wobei der
innere gegen die Pupille zu liegende Rand des
Ringes heller ist als der 4ulere Rand. Der Ring
breitet sich immer mehr aus bis zur vollen Ent-
fairbung der Regenbogenhaut. (2) Es ist kein
Ring wahrzunehmen, sondern die Entfirbung
erfolgt strahlenartig, wobei mit fortschreitender
Aufhellung die Strahlen breiter werden, bis sie
sich gegenseitig berithren und so die ganze Iris
entfirben. Die Regenbogenhaut bleibt nun ent-
weder wiisserig hell, entfiarbt, oder sie nimmt den
leblosen Ausdruck eines Fischauges an, sie ver-
firbt sich. Bei einzelnen Fischaugen beginnt
dann die bisher scharfumrandete glinzend
schwarze Pupille leblos zu werden, der Pupillen-
rand scheint zu verlaufen, er wird unscharf, die
Pupille wird unrund. Im weiteren Verlauf er-
blindet das Tier meist.

Unter den Tieren, die zu diesem Termin, Anfang
Februar noch die bestgefiirbten Augen hatten, war
eine Anzahl stark zuriickgebliebener Tiere. Bei
den Tieren mit entfirbtem oder verfirbtem Auge
befanden sich gute und schlechte Leger. Von den
urspriinglich untersuchten Tieren konnten bei
dieser Untersuchung nicht alle erfalt werden, es
wurden 445 Junghennen beobachtet deren Augen-
farbe folgende Verteilung aufweist:

Tiere Prozent
Orangegelb... . ............... .. .. .. . .. 301 67
heller Ring.............................. 59 13
aufhellende Iris............ ... .......... 25 6
entfirbte Iris............. . ..... ... . ... 34 8
Fischauge........... ... ... ............. 26 6

Ein Teil der zu diesen Untersuchungen herange-
zogenen Junghennen, insgesamt 120 Tiere aus
Aprilschlupf, wurden in einer geschlossenen
Gruppe gehalten, diese Tiere konnten so zwischen
den allgemeinen Untersuchungsterminen beob-
achtet werden. Von diesen Tieren hatten be-
reits am 3.12.1938 27 Prozent die Augenfarbe leicht
verindert, bei der Untersuchunge Anfang Februar
38 Prozent. Es kann daraus der Schluf gezogen
werden, daf}l das Ausblassen der Augen erst nach
dem 7. Lebensmonat beginnt und dann bei
hierzu veranlagten Tieren rasch vor sich geht.

Die Beobachtungen erstreckten sich weiter auf
die Hiihne des Betriebes, soweit diese als Zucht-
hihne beringt wurden. Der Verlauf der Ein-
firbung der Augen war der gleiche wie bei den
Junghennen, die orangegelbe Firbung der Iris
trat etwas frither ein als bei den Hennen. Bei
der Beringung, also im Alter von 12 Wochen, hat-
ten von 539 Hihnen

Hihne Prozent
griin bis griingraue Augen ......... .... 101 19
grau bis graugelbe Augen. .. ............ 80 15
tritbgelbe Augen....................... .. 68 12
gelbe bis orangegelbe Augen............. 257 48
orangerote Augen........................ 33 6

Zwischenbeobachtungen wurden bei 160 Ver-
suchshdhnen aus Mirzschlupf nach dem Beringen
in 14 tigigen Abstiinden gemacht, die zeigten, daf§
die Einfirbung wie bei den Hennen vor sich geht.
Im Alter von 43 Monaten war die Augenfarbe
durchweg orangegelb bis orangerot, nur einige
zuriickgebliebene Hihnchen hatten grinliche Iris.

Die Annahme, dall entsprechend der rascheren
Einfirbung bei Hihnen auch die Aufhellung frither
beginnen wiirde, hat sich bei der Beobachtung im
September anliflich der Blutentnahme bestitigt.
Es wurden die Augen von 8 Prozent aller Hiithne
als aufgehellt bezeichnet gegeniiber 1,2 Prozent
bei den Junghennen. Bei der ein Monat spiiter
durchgefithrten Korung wurden die Augen von
fast der Hilfte aller Hiahne als in Entfirbung
begriffen bezeichnet. Der Aufhellungsprozef} ver-
lauft wie bei den Junghennen ringférmig oder
strahlen{férmig. Anfangs Februar hatte keiner
der im Betrieb verbliebenen Hihne mehr aus-
gesprochen rote Augen wie man sie bei Hiahnen
wiinscht. 2/3 der Hihne besaflen noch orangegelb
gefirbte Regenbogenhaut, vom dritten Drittel
war die Mehrzahl entfarbt, einige Hihne zeigten
Fischaugen.

Die Untersuchungen erstreckten sich ferner auf
120 Alttiere, die im Januar 1938 in die Herdbuch-
stimme eingestellt wurden und zu diesem Zeit-
punkt kriftig orangegelbe bis rote Firbung der
Iris zeigten. Bei der Auflosung der Stiimme Ende
April 1938 war bei 9 der Hennen ein heller Ring
um die Pupille zu beobachten, der Rest dieser
Tiere hatte gelbe Iris. Am 9.12. wurden die
Tiere wieder beurteilt, sie standen in der Mehr-
zahl in der Mauser. 8 Tiere hatten zu diesem
Zeitpunkt den hellen Ring um die Pupille, bei 12
Tieren war die Iris entfarbt.

Zur Untersuchung wurden weiterhin die bei
der Bayerischen Leistungspriifung fiir Hithner-
stimme stehenden 182 Hennen herangezogen.
Die Prifung begann am 16.10.38, die Tiere waren
zu diesem Zeitpunkt etwa 7 Monate alt. In Ab-
stinden von 2 Monaten wurden sie beziiglich der
Augenfarbe untersucht. Bei Beginn der Priifung
hatten von den 182 Tieren

Tiere  Prozent
orangerote Augen.................... .. . 152 84
orangegelbe Augen.......... ....... . ... 24 13
gelbe Augen............................. 6 3

Die Augen waren somit als recht gut und ausge-
glichen zu bezeichnen, obwohl die Tiere der 26
Stimme 24 verschiedenen Ziichtern gehéren. Die
Augen der Tiere, die noch bei Beginn der Priifung
gelbe Iris besaflen, dunkelten in den niichsten
Wochen noch nach.

Bei der Beurteilung am 15.12.38 war eine allge-

meine leichte Aufhellung zu beobachten. Von
den Tieren hatten
Stiick  Prozent
orangerote Augen......................... 72 41
orangegelbe Augen........................ 86 48
gelbe Augen.............................. 13 7

entfirbte Augen.......................... 7 4



74 SEVENTH WORLD’S POULTRY CONGRESS

Die nichste Beobachtung Anfang Februar 1939
ergab folgendes Bild:

Tiere Prozent
orangerote Augen... ........ ...... ... 32 18
orangegelbe Augen ........... ......... T4 43
gelbe Augen. ... .......... ... ......... 38 22
entfirbte Augen ... . ... ..... 29 16.5
Fischaugen ... ..... . .. ... ... ... .. 1 0,5

Von den 30 Tieren mit entfirbten oder Fisch-
augen gehoren 14 Tiere 3 Stimmen an, in denen
somit 66 Prozent Augenverinderungen auftreten,
zwei dieser drei Stimme kommen aus ein und
derselben Zucht. Unter den 26 Stimmen der
Priifung befinden sich 12 Stimme, in denen noch
keinerlei Augenverinderungen auftreten.

Im Jahre 1938 wurde in Erding ein kleiner
Stamm von Tieren zusammengestellt mit aus-
gesprochen entfirbten grauen Augen. Sie wurden
gepaart mit einem Hahn mit Fischauge. Die
Einfirbung der Augen der Nachkommen dieser
Tiere verlief vollig normal, beim Beringen, also
im Alter von 12 Wochen, hatte es den Anscheim
als wiirden sich die Nachkommen dieser grauiugi-
gen Tiere in keiner Weise von den Nachkommen
anderer Tiere mit roten Augen unterscheiden.
Auch im Zeitpunkt der Blutentnahme, im Sep-
tember, hatten die Junghennen dieses Versuchs-
stammes noch normale Augen, wihrend die Hahne
schon als grauiugig bezeichnet werden muften.
Mitte Oktober hatten die Hahne bereits durchweg
Fischaugen. Am 3.12. war die Hilfte der Jung-
hennen aus dieser Versuchsgruppe noch rotiugig,
am 3.2. waren die Augen simtlicher Nachkommen
der grauiugigen Tiere véllig entfirbt, fast die
Hslfte der Tiere besall Fischaugen.

Die vorliegenden Untersuchungen haben fol-
gende Tatsachen ergeben:

1. Die Entwicklung der Augenfarbe der Kiicken
ist etwa im siebten Lebensmonat abgeschlossen.
In diesem Alter hatten alle untersuchten Tiere
gelb oder orangegelb oder aber orangerot gefirbte
Augen, auch die Nachkommen von Tieren mit
blassen Augen.

2. Vom siebten Monat an ist bei allen Tieren
ein leichtes Abblassen der Regenbogenhaut zu
beobachten, das bei gutlegenden Tieren vermut-
lich schneller und stirker verlduft als bei Nicht-
legern. Diese Erscheinung ist nicht mit der Ent-
firbung oder Verfirbung zu verwechseln.

3. Die Entfarbung verlauft ringférmig oder
strahlenférmig, sie beginnt bei hierzu veranlagten
Tieren meist im siebten Monat. Entfirbung ist
oft auch bei Nachkommen rotiugiger Tiere zu
beobachten.

4. Bei Tieren die viterlicher und miitterlicher-
seits von graudugigen Tieren abstammen, wurde
im siebten Monat beginnend eine rasche und
villige Entfirbung der Augen, vielfach auch eine
Verfirbung (Fischauge) beobachtet.

5. Auch bei Tieren die am Ende ihres crsten
Legejahres, im Alter von etwa 18 Monaten, noch
rote Augen besitzen kann spiiter noch eine Ent-
firbung auftreten. Diese Entfirbung der Augen

alterer Tiere wurde aber nur bei einem kleinen
Prozentsatz aller Tiere beobachtet.

6. Fille von Wiederrotfirbung von nach dem
siebten Monat entfirbten oder verfirbten Augen
wurden bisher nicht beobachtet.

7. Offen ist noch die Frage ob es sich bei der
Entfirbung der Augen nur um einen ererbten
Schonheitsfehler handelt, oder um einen konstitu-
tionellen Mangel, oder um die Begleiterscheinung
einer Krankheit. Die Untersuchung soll in der
Weise fortgefiihrt werden, daB die anteiligen Ver-
luste unter den Tieren mit guten Augen und unter
den Tieren mit entfirbten Augen sowie die Todes-
ursachen bei beiden Gruppen ermittelt werden.

8. Gepriift zu werden verdient ferner die Frage
ob die Entfiarbung durch Haltungsmafnahmen zu
verhindern ist und ob Wechselbeziehungen be-
stehen zwischen der Augenfarbe und der Legelei-
stung. Die Frage nach Wechselbeziehungen
zwischen Verzerrung der Pupille und Krankheiten
ist hier nicht berithrt.

Der miihevollen Arbeit der Sammlung der Un-
terlagen fiir diesen Bericht unterzog sich mein
Mitarbeiter Dr. Mantel, dessen Verdienst um
diese Arbeit hier gewiirdigt werden soll.

ZUSAMMENFASSUNG

An einer grofleren Zahl von Tieren (Leghorn,
Italiener und Rhodelinder) wurde die Entwick-
lung der Augenfarbe beobachtet und festgestellt,
dafl die Einfirbung der Kiickenaugen im allge-
meinen im siebten Monat beendet ist. Dann
beginnt ein leichtes Abblassen von orange zu gelb,
vor allem bei stark legenden Tieren. Auch die
Nachkommen grauiugiger Leghorn verhalten sich
bis zu diesem Zeitpunkt ebenso, in den folgenden
Monaten verfirben sich die Augen solcher Tiere
aber vollig. Aber auch bei Nachkommen rotiu-
giger Tiere kann eine Entfirbung nach dem sieb-
ten Monat eintreten. Tiere die am Ende ihres
ersten Legejahres, also im Alter von 18 Monaten
noch orangerote Augen besitzen, konnen spéter
noch Augenentfirbungen erleiden. Dieser Fall
tritt aber nicht haufig auf. Fille von Rotfirbung
nach dem siebten Monat entfirbter Augen wurden
bisher nicht beobachtet.

Ziichter die Wert auf gute Augenfarbe ihrer
Herde legen, werden somit gut tun, nicht mit
Jungtieren zu ziichten, sondern alte Tiere zur
Zucht zu verwenden, die sich rote Augen erhalten
haben. Eine Gewihr, daf die Nachkommen
solcher Tiere einwandfrei gefirbte Augen auf die
Dauer behalten, ist allerdings nicht gegeben.

SUMMARY

The development of the color of the eyes was
observed in a large number of fowls (Leghorns,
Italian fowl, and Rhode Island Reds), and it was
found that the coloring of the eyes of chickens is
generally completed at 7 months of age. After
that time a slight paling from orange to yellow
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takes place, particularly with good layers. The
behavior of the progeny of gray-eyed Leghorns
was the same up to that time, but during the fol-
lowing months, the color of the eyes of such birds
faded completely. Even in the offspring of red-
eyed birds a change in the color of the eyes could
be observed after the seventh month. Discolor-
ing of the eyes may occur at a later date in birds
still having orange-red eyes after their first year
of laying or at the age of 18 months. This does

not happen frequently, however. Cases of reap-
pearance of the red color in discolored eyes after
the seventh month have not been observed so
far.

Breeders preferring a good color of the eyes of
their flock will do well not to use young birds for
breeding, but old ones which retained the red color
of their eyes. There is no certainty, however,
that the progeny of such animals with perfectly
colored eyes will retain this color permanently.

PRESENT STATUS OF POULTRY PHYSIOLOGY

By T. C. BygrvLy, Professor of Poultry Husbandry, University of Maryland,
College Park, Maryland, U. S. A.

The program of the Physiology Section typifies
the fundamental advances that have been made
during the last few years in the knowledge of
function in the domestic fowl. Physiological
research has had practical application in the
fields of artificial insemination, utilization of
vitamins by the embryo, utilization of the
chorio-allantois of the living embryo as a culture
medium for pathogens, and the control of egg
production. Sound fundamental knowledge of
the role of the hormones of the pituitary and of
the gonads in sexual maturity, in the develop-
ment of the secondary sexual apparatus, of sexual
behavior, and of sex itself has been gained. New
techniques have been developed and applied to
the study of the physiology of the expression of
genes. Fundamental research and techniques
point the way to further research that may even-
tually make possible a considerable amount of
control of growth rate, size, sexual maturity,
rate and quality of egg production, disease
susceptibility, and many other factors of practical
importance to the poultry industry.

Research during the last decade has revealed
a great sensitivity of the developing embryo to
vitamins and trace mineral deficiencies reflecting
similar deficiencies in the diet of the breeding
flock. Rickets of embryos in eggs deficient in
vitamin D, failure of the yolk sac in vitamin E
deficiency, and nutritional micromelia caused by
manganese deficiency are now well known. Mal-
formations caused by excessive selenium in feeds
have been extensively studied. Hatchability has
probably increased 5 percent in the last 5 years
owing to the work of nutrition chemists and
physiologists. A further possible increase of 20
to 25 percent is a challenge to further effort.

Researches on the development of sex, espe-
cially with the use of the sex hormones, has re-
vealed a great lability of chromosomal sexuality
in the domestic fowl. Complete reversal with
consequent sexually normal individuals is still
to be accomplished.

Studies of the effects of the host on feather
pigmentation and morphology and of hormones,

growth rates, and thresholds in growing feathers
in situ on birds of various sexual conditions have
yielded fundamental knowledge of the mechanism
of genetic expression. Of greater importance,
these researches promise to yield techniques for
the study of other genetic mechanisms and phys-
iological processes.

Genetic differences in rate of growth have been
established. Evidence has been adduced that
differences in sulfhydryl at early stages of de-
velopment characterize strains genetically dif-
fering in size. The origin of these differences
and their significance remain to be demonstrated.
That they are causally related to genetic dif-
ferences in rate of cell division has by no means
been established.

Use of allometry in the study of growth of the
fowl has disclosed many mathematical relation-
ships between the growth of parts and of the
whole. Is there a fundamental mechanism of
partition of nutrients among the parts? Genet-
ically different efficiencies in utilization of
nutrients are known to exist. What is the physio-
logical mechanism through which they are ex-
pressed?

Studies of the circulating substances touch
every other field of physiology. When and in
what manner does the defense mechanism against
invading organisms and foreign proteins arise?
The living embryo’s defenselessness against these
agents has the practical virtue of making it an
ideal culture medium for many pathogens other-
wise difficult of culture.

Apparently there are genetic differences in the
time of appearance of a defense mechanism
capable of combating the pullorum organism
which form the basis for the inheritance of re-
sistance to this disease. Will physiological studies
disclose similar inherited differences with respect
to neurolymphomatosis?

Studies of the agglutinins of pigeons and
chickens and of their inheritance are pertinent
not only to the defense mechanism but also to
the physiology of genic expression as well.

Studies of blood calcium, phosphorus, and
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lipins are filling the existing gap in the knowledge
of the transfer and transformation of nutrient
materials into eggs and body structures.

Injection studies with various hormone prepa-
rations of pituitary origin indicate that sexual
maturity of the male is readily accomplished even
in juvenile stages through administration of the
follicle-stimulating hormone. The female is rela-
tively refractory to these preparations until
about the time of her normal maturity. Maturity
may be hastened in sluggish females through
exposure to increased periods of illumination.
This in turn has been shown to be due to direct
stimulation of the pituitary.

Research on many phases of ovulation is
abundant. Demonstration of the causal factors
in ovulation has been expected for several years.
Why is this problem so difficult to solve in the
fowl?

Resection studies on the oviduct and histo-
logical and chemical studies of the secreting
mechanism and of the secretions have established
the fundamental role of mucin secretion in de-
termining interior egg quality. Better techniques
for measuring interior egg quality and for inter-
preting candling appearance must be developed
before these researches can be given extensive
practical application.

Sexual behavior has been shown to be argely
under control of the male hormone, even in the
female. The bird with the highest level of male
hormone is the dominant bird in the flock in
general. Broodiness is normally associated with
increase in the prolactin content of the pituitary
but may be induced without appareat change in
the concentration of prolactin. Changes in the
blood picture of the broody hen are to be reported
at this meeting. Do the various mechanisms
capable of eliciting or suppressing broodiness
affect the blood picture directly?

Development of the American method of
artificial insemination is widely appreciated.
Diluents must be developed in which sperm will
remain viable for sufficient periods of time for
transportation over long distances.

This introductory statement to the program of
the Physiological Section includes only a few
of the recent accomplishments in the study of the
physiology of the domestic fowl. The questions
raised may soon be answered or be replaced by
problems of greater importance.

Many workers in universities, research founda-
tions, and experiment stations in every part of
the world have contributed to our present knowl-
edge and are now engaged in increasing that
knowledge.

ARTIFICIAL INSEMINATION OF CHICKENS WITH SEMEN DILUTED IN RINGER
SOLUTION

By G. BonNIER and Sarny TRULssON, Animal Breeding Institute, Wiad,
Eldtomta, Sweden

In a foregoing paper by Bonnier and Trulsson
(1938), some experiments on artificial insemina-
tion in poultry were reported. These experi-
ments gave only a low percentage of fertilization
(35.4), probably due to inexperience. In the
present paper new data are presented. The
collection of semen was made by a technique
conforming with that described by Quinn and
Burrows (1936) and Burrows and Quinn (1937).
The practical work was performed by one of us
(Trulsson), with an assistant in the poultry house.
In these experiments, which began on January
17, 1938, and lasted until May 29 the hens were
divided into groups 1 and 2. Group 1 consisted
of 4 hens hatched during the spring of 1935, 38
hens hatched during the spring of 1936, and 100
hens hatched during the spring of 1937. Group 2
consisted of 115 hens hatched during the spring of
1937. The hensin the latter group were somewhat
younger, on an average, than the group 1 hens
born in 1937. In the following presentation the
hens of group 1 hatched in 1935 and 1936 are
classified together. All hens were crossbred
either from a White Leghorn sire and a White
Wyandotte dam or from a Rhode Island Red sire

and a White Wyandotte dam. The birds from
which semen was taken consisted of 30 White
Leghorn cocks, and on those days when insemina-
tion was performed it was made twice daily, the
first insemination being at about 11.30 a.m. and
the second at about 5p.m. The semen collected in
the forenoon was from 15 cocks and was thoroughly
mixed, and that collected in the afternoon was
from the remaining 15 cocks and was also thor-
oughly mixed. The inseminations were always
performed as soon as possible after sperm collec-
tion, i.e., within a maximum time of about 1
hour from collecting from the first cock to in-
seminating the last hen.

From January 17 to March 12 of the experiments
the inseminations were made 4 days weekly
(Monday, Tuesday, Wednesday, and Friday);
from March 13 to May 15, 5 days weekly (the
foregoing days and Saturdays); and from May
16 to May 29, daily. However, not all hens were
inseminated every day of insemination. On
each day of insemination the hens were collected
from the trap nests, and thus only those hens
which had laid eggs on that day were inseminated.
In this way the hens were disturbed as little as
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TaBLE 1.—Periods of insemination and sperm concenirations used

Group 1 (142 hens) Group 2 (115 hens)
- . g
5'3 §§ Remarks
Period of cg Period of 8
insemination |EE| insemination gg
28 28
) 9
Jan. 17-Feb. 12....| 30 | Jan. 17-Feb. 12.../100 |...............
Feb. 13-Feb. 19....| 10 | Feb. 13-Feb. 19..| 30 | Transitional
periods.
Feb. 20-Apr. 23....| 10 | Feb. 20-Mar. 26 ../ 30 ... ...........
Apr. 24-Apr. 30....! 2| Mar. 27-Apr. 2...; 2 | Transitional
periods.
May 1-May 15. . . 2| Apr.3-Apr.23...( 2| ... ... ......
May 16-May 22.... 10 | Apr. 24-Apr. 30 ..| 10 | Transitional
periods.
May 23-May 29....) 10 | May 1I-May 29...., 10 |...............

1 Expressed as percentage of semen.
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were used were 100, 30, 10, and 2 (expressed as
percentages of semen). Each hen was given
0.05 cc of the fluid. Table 1 gives the periods
during which the different dilutions were used.
The first week, after a chafige in sperm concen-
tration, was taken as a transitional period, and
the results from such a period are not taken into
account in the final judgments concerning the
effect of semen dilution.

The experimental results of the effect, on fertili-
zation, of sperm concentration are summarized
in table 2, for all the hens. It is obvious that
the semen may be diluted to a certain extent with-
out affecting its capacity of fertilization. As the
100 percent semen was given to group 2 only, the
comparison may conveniently be made for this
group. The best fertilization, on the average,
was obtained from the 30 percent semen, followed
by the 10 percent and 100 percent semen, which

TABLE 2.—Influence of semen dilution on fertilization
Data for all hens

Results obtained when indicated percentage of semen was used Results
obtained during
- transitional Total results
Group No. of hens and 2 10 30 100 periods
year of hatching
Eggs | Fertile | Eggs | Fertile| Eggs | Fertile | Eggs | Fertile Eggs | Fertile| Eggs | Fertile
laid eggs laid eggs laid eggs laid eggs laid eggs laid eggs
Number|Percent | Number|Percent | Number, Percent Number|Percent | Number| Percent| Number| Percent
1, hatched 1935, 1936 ....... 202 47.5 946 60.1 490 56.3 297 57.6 1,935 57.5
1, hatched 1937............. 572 45.3 2,847 70.0 932 66.3 823 65.5 5,174 65.9
2, hatched 1937............. 895 55.2 1,386 69.7 1,609 78.2 1,215 67.8 1,005 69.6 6,110 69.4
Total or average........| 1,669 50.8 5,179 68.1 3,031 71.0 1,215 67.8 2,125 66.3 13,219 66.3
Data with totally infertile hens excluded
1, hatched 1935, 1936........ 162 59.3 791 l 71.9 413 66.8 ... ... I 233 73.4 1,599 69.5
1, hatched 1937.... ........ 417 45.3 2,553 78.0 827 4.7 | l 682 79.0 4,479 76.1
2, hatched 1987.... . ...... .. 741 55.2 1,234 78.3 1,530 82.2 1,108 74.4 894 78.3 5,507 77.0
Total or average........ 1,320 1 64.2 l 4,578 l 77.0 2,770 7.7 1,108 74.4 1,809 77.9 11,585 75.6

possible, and as some eggs were laid 1 day after
insemination, others not earlier than 2 days
after insemination, others 3 days later, ete., a
study could be made of the effect, on fertiliza-
tion, of time between insemination and egg
laying.

After the semen was collected, it was given
cither undiluted or diluted in a modification of
Ringer solution. Its composition was as follows,
according to Benzinger and Krebf (1933). In
10,000 ce of water were dissolved:

grams
Na Cl............o o 68.00
K Cl........................... 17.33
Ca Cla.....oo 6.42
Mg SO o 2.50
Na HCO;............... ... ... ... 24.50

Each ingredient was dissolved separately in
water, and the prepared solution was kept cold.
The concentrations of sperm suspensions which

show only small differences. The use of 2 percent
semen resulted in a decidedly lower percentage of
fertilization.

As regards the time which elapses between in-
semination and egg laying (table 3), the best
results were obtained when the time was 2 days.
The eggs which were laid 1 day after the last
insemination were in most cases fertilized from
an earlier insemination. This is shown by the
fact that of the eggs selected there were 83 which
were laid no later than 1 day after the hens were
inseminated, and only 2 of these eggs were fertile.
This fact has also been pointed out by Burrows
and Quinn (1937). As more days elapsed between
insemination and egg laying the percentage of
fertilization decreased.

A comparison of the figures for groups 1 and 2
shows that group 2 yielded the better results.
The greater ages of the hens hatched in 1935 and
1936 probably account for the lower percentages
of fertilization of these hens, but the age differences
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between the hens hatched in 1937 in group 1
and in group 2 seem to be too small to be of any
importance. One explanation for the difference
in results may be that among the hens of group 1
hatched in 1937 thete was a greater number of
birds with low possibilities of becoming fertilized.
That there actually are great individual varia-
tions among hens with respect to their possibilities
of becoming fertilized can be shown in different
ways. Table 2 shows the results obtained when
those hens which produced no fertile eggs are
excluded. The distribution of the hens accord-
ing to their class of fertilization is shown in table
4. All hens were not treated with all the different
dilutions, and a certain hen which had laid eggs
TABLE 3.—Daustribution of percent of fertilization according
to the number of days elapsing from day of
insemination to day of laying

Distribution according to indicated number
of days from insemination to egg laying

" Ttem 1 =
123 45|67 |88 3
=3 a
Number of eggs
86| 104/13,219

Percentage of
fertile eggs ... .| 65.4

laid............ 5,096 4,225/2,390| 769 341 208!
i

71.3 67361 849 253 8 26. 7259! 66.3

TABLE 4.—Distribution of hens of different classes of fertility

Percentage of hens in different classes
of fertility—
Class of fertility |When inseminated with indicated| During
of hens percentage of semen in dilution whole
experi-
100 30 10 2 ment
Percent | Percent | Percent | Percent | Percent
0-19.9 11.2 15.2 15.0 33.4 11.7
20-39.9 10.0 5.8 7.7 8.1 9.8
40-59.9 13.8 1.1 7.7 16.6 11.3
60-79.9 18.8 17.4 19.6 12.1 23.1
80-99.9 31.2 32.7 35.5 16.6 39.8
100 15.0 17.8 14.5 13.2 4.3
Total number of
hens........... 80 190 220 174 257

when the group to which she belonged was in-
seminated with 10 percent semen did not neces-
sarily lay any eggs when this group was given
30 percent semen. Table 4 shows, for instance,
that 190 hens laid eggs during the time when they
were inseminated with 30 percent semen. Of
these hens, 17.8 percent laid during this time only
fertile eggs, whereas 32.7 percent of the same hens
during this same time laid eggs, the percentage of
fertilization of which varied from hen to hen be-
tween 80.0and 99.9. Table 4 shows the distribution
of individual fertility when the whole experi-
mental time, regardless of different periods and
different dilutions, is considered.

In order to make a simultaneous test of the
differences between hens and the differences be-

tween dilutions, those hens were selected, which
had been inseminated with all the different dilu-
tions and during the period of insemination with
each dilution had laid at least 15 eggs. Table 5
shows the results from the 14 available hens of
this sort. In this table, from each hen 60 eggs—
15 from each dilution—are taken into account.
When a hen had laid more than 15 eggs during the
use of a certain dilution, the last 15 eggs were
selected. From the analysis of variance (table
6) it may be seen that both differences, namely,
those between dilutions and those between hens,
are significant. The same statement applies for
interaction, which shows that different hens may

TABLE 5.—Number of fertile eggs from 14 hens which were
inseminated with the different serum dilutions and which,
during the use of each dilution, had laid 15 eggs

Fertile eggs laid by hens inseminated with

Hen No. indicated percentage of semen in dilution

2 1¢ 30 100

Number Number Number Number

H405........ 0 0 0 7
H523........ 5 9 7 9
Ho545 ....... 7 14 14 15
0 1 9 5
1 0 7 5
7 5 12 12
14 15 14 14
12 14 15 10
9 3 13 13
9 11 14 8
6 8 15 14
0 0 11 14
15 15 15 15
11 14 14 11

TABLE 6.— Analysis of variance of numbers of fertile eggs produced
by hens treated with different dilutions of semen

Test of
s Degrees of Mean
Source of variation signifi-
freedom square cance,
Between dilutions........ 3 4.7282 8.40
Between hens............. 13 4.7166 8.37
Interaction....... 39 0.5632 4.36
Error..................... 784 0.1293 |............
Total................. 839

react differently to changes in sperm concentra-
tions. As a sudden change may occur in the
possibility for a hen to become fertile, this cir-
cumstance may influence the part of the variance
due to interaction, but the different reactions of,
for instance, the four last hens in table 5 seem
necessarily to have a real biologic significance.

When our results are compared with those
of Burrows and Quinn (1938) for undiluted
semen only, it is found that they obtained higher
percentages of fertilization. It seems to us that
only a minor part of the causes are due to inex-
perience (viz, from the first weeks of the experi-
ment), whereas the principal cause must be that



SEVENTH WORLD’S POULTRY CONGRESS 79

we have used hens among which there was a
greater number which were not possible to fer-
tilize. Many of our birds gave a good percentage
of fertilization. For instance (table 4) 46.2 per-
cent, or 37 hens, of those inseminated with un-
diluted semen gave a fertilization of more than
80 percent. For the hens inseminated with 30
percent, 10 percent, and 2 percent semen the
corresponding figures were, respectively, 50.5
percent, or 96 birds; 50 percent, or 110 birds; and
29.8 percent, or 52 birds with more than 80 percent
of fertile eggs. During the same time a special
experiment was performed by Bonnier and
Trulsson (1939) in which, of 210 eggs from 5
hens, 207 were fertile. In this later case all hens
were purebred Rhode Island Reds, whereas the
hens reported in the present paper were all cross-
bred. There may be some probability that the
crossbred birds are not so easy to fertilize as the
purebreds.

Burrows and Quinn (1938) obtained a lower
percentage of fertile eggs when the quantity of
semen per hen was less than 0.05 cc. From this
point of view our results are better than theirs as,
0.05 cc, which was our dosage, of 30 percent, 10
percent, and 2 percent semen corresponds, respec-
tively, t00.015 cc, 0.005 cc, and 0.001 ce of undiluted
semen. The explanation of the difference in our
results and in theirs may, therefore, be that most of
their hens were of the same type as our hen H 920
(table 5), which had a good fertilization with
undiluted semen, not so good with 30 percent
semen, but only infertile eggs with 10 percent and
2 percent semen; whereas among our hens are
also those with good fertility when all kinds of
dilution were used (H 697, H 943) and with low
fertility when all kinds of dilution were used
(H 622, H 405).

SUMMARY

In the investigation reported, 257 crossbred
hens were artificially inseminated with mixed

semen from 30 White Leghorn cocks. The semen
was given diluted in Ringer solution in the fol-
lowing sperm concentrations: 100 percent, 30
percent, 10 percent and 2 percent. The results
show that 30 percent semen, on an average, gives
better results than undiluted semen, and 10
percent semen as good results as undiluted semen.
In the case of 2 percent semen the percentage of
fertilization is decidedly lower.

The greatest number of fertile eggs are obtained
when 2 days elapse between day of insemination
and day of egg laying. When a longer time
elapses the percentage of fertile eggs declines.
Eggs which are laid 1 day after insemination are
as a rule not fertile from this insemination.

There is a great variation among individual
hens in the ability to become fertile. An analysis
of variance shows that there are significant dif-
ferences between hens as well as between dilu-
tions. There is also a significant interaction
between hens and dilutions, showing that different
hens react differently to changes in sperm con-
centrations.
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ARTIFICIAL INSEMINATION OF BIRDS

By Pror. TELESFORO BoNADONNA, Director of the Institute for Artificial Fertilization of
Domestic Animals, Fellow at the Experimental Zooprophylactic
Station of Milan, Milan, Italy

In Italy, the Institute of Milan was the first and
until now was the only one which occupied itself
with experimental and practical artificial fecunda-
tion of birds. Qur assistant, Dr. Gaetano Griffini,
has specialized in these studies and his first experi-
mental results are interesting.!

The practical technique, especially with regard
to obtaining the sperm of the male, can be per-
formed in various ways more or less advanta-

La fecondazione strumentale nei
7-8-9,

1 GrIFFINI, GAETANO.
volatili—fecondazione artificiale degli animali domestici.
XVI. 1938.

geously from three points of view: Practicability,
inoffensiveness, and efficiency. Nearly all the
methods known at present have been used in this
Institute. International literature on this sub-
ject is rather scarce.

METHOD OF OBTAINING THE SPERM

This performance is a fundamental and delicate
one, which must be executed with experience,
ability, and a perfect knowledge of the technique.

The methods are the following: (1) The Russian
method of the sperm catcher (applied to the cloaca
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of the male) (spermacaptore -cloacale), this
method having been originated by Timjakov;
(2) the Japanese method of the sperm catcher
(applied to the cloaca of the female), the method
having been originated by Ishikava; (3) the
method of electro-ejaculation, chiefly applied in
France by Letard, in Russia by Serebrowski, and
in Germany by several scientists; and (4) the
American method of abdominal massage, first
described by Burrows and Quinn.

The electric method is based on the possibility
of stimulating the fibers of the nervous system, on
which ejaculation depends, by means of opening
and closing an electric current of low tension.
Although this method has given the very best
results in sheep, it has not yet done so in birds,
neither with continuous nor with alternating cur-
rent, and this chiefly because the birds easily
experience a shock of their cardiac or respiratory
system.

The other three methods have given chiefly the
results shown in table 1.

TaBLE 1.—Results obtained from indicated methods of artificial

insemination
b —
oo o
a
> >
8 2
S o .
Method |53 g As‘:?l:’)fnd g H Observations
=
O ao @
¥ES 3
Qo PR
D Re [Ca=)
> n'@m >0
< <
Cc Percent
Russian ..... 0.25 | Milky 20-40 | Mostly contami-
nated with feces.
Japanese. . ... .30 | Dense, milky 100 Pure.
American....| .40 | Dense, milky | 80-100 | Sometimes con-
taminated with
feces.

By the method of Ishikava, the pure sperm can
be obtained in gallinaceous birds in a very favor-
able condition for conservation. It has the dis-
advantage that the cock must become accustomed
to copulating with the hen in the presence of man.

The American method of pressing the semen
from the bulbous ducts is the simplest and most
practical of all. It has been used in our Institute
with success in cocks of different breeds, in male
turkeys, drakes, male pheasants, peacocks,
finches, and canaries.

Burrows and Quinn experimented with 22 cocks
kept in cages, from November 8, 1935, to June 1,
1936, and obtained, on an average, with 124 ejacu-
lations from each cock, 2,372 cc of sperm, with a
maximum of 203.8 cc from one cock and a mini-
mum of 44 cc from another. The American au-
thors affirm that they have obtained from their
cocks from 0.1 to 4 cc respectively in a single
service. The operation can be repeated several
times a day in most birds without harm.

Our observations agree with those of Burrows
and Quinn in that not all the males react in the

same way to the abdominal stimulus by massage.
The following classes have been found: (1) Males
which do not react in any way to the application
of the method (1 to 3 percent); (2) those which,
from the beginning, react to the application of the
method (25 to 30 percent); and (3) those which
react to the application of the method only after
2 to 5 applications (60 to 70 percent).

For instance, on November 5, 1938, on the poul-
try farm of MM. Faravelli, S. Maria la Versa
(Pavia), Griffini executed for the first time, on 52
White Leghorn cockerels 7 to 9 months old, the
abdominal massage with the following results: 20,
or about 38.5 percent, gave sperm with a vitality
ranging from 80 to 100 percent, in quantities
varying from 0.10 to 0.80 cc in a single service;
20, or about 38.5 percent, reacted rather well to
the massage, the liquid ejaculated, however, being
free from spermatozoa or containing only a few,
these being dead or showing only oscillating move-
ments;-and 12, or 23 percent, were completely
unresponsive to the massage.

On November 9 and 18 of the same year, 22 cocks
on the poultry farm of Dr. Pietro Camussone of
Giovenzano (Pavia) were treated in the same
manner with the following results: In the first
treatment, 8 of 22, or 36 percent, reacted positively
to the massage; in the second treatment, 11, or
50 percent, reacted positively.

It was observed that the cocks which were most
refractory to the method belonged to the heavy
breeds, such as Plymouth Rocks, Rhode Island
Reds, and Orpingtons, which are considered by
poultry breeders to have a lower reproductive
capacity than the lighter breeds. On the other
hand, the Wyandottes and the Leghorns re-
sponded very well, yielding abundant semen with
many living spermatozoa.

On the whole, our experiments allow the follow-
ing conclusions:

1.—Keeping cocks in the open air, on a well-
balanced ration, rich in minerals (especially phos-
phorus) and vitamins, is of the greatest advan-
tage, quantitatively and qualitatively, for the
production of sperm. (The cocks of the Institute
are nearly always kept in cages.)

2.—The cocks begin to produce semen at an
average age of 4 to 5 months, after which the
spermatozoa is continuously increasing in quan-
tity and quality.

3.—Not all the cocks give an equally good pro-
duction of sperm, nor do the males of all breeds.
According to the observations made in our Insti-
tute, the White Leghorns are in this respect the
best producers, followed by the Wyandottes.
This result confirms the practical observations of
poultry breeders on the individual and racial vari-
ations in fertility of males.

4,—Probably the season of the year, the climatic
conditions, the hour of the day, and certainly the
state of molt, as well as the manner in which the
male bird has been reared, have much influence on
the quantity and quality of sperm obtained.

5.—The application of the various methods of
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obtaining semen—excluding the electric one—has
proved innocuous to all the males (gallinaceous,
palmipeds, etc.).

Contrary to the Japanese method, the American
one has the disadvantage that the sperm obtained
is sometimes contaminated with feces. This
occurrence, however, is frequently due to a lack
of practice on the part of the operator. In the
case of such contamination, it is possible to obtain
immediately afterwards a new quantity of semen,
and this is generally not contaminated. How-
ever, if artificial insemination of the female is
performed immediately after the obtaining of the
sperm, it may be assumed that her genital appa-
ratus will possess a certain degree of natural
tolerance to inquination with feces, considering
its anatomical structure and the way in which
natural fertilization is brought about.

CONSERVATION AND DILUTION OF SPERM

Our experiments on the conservation and dilu-
tion of sperm are still rather few. Griffini suc-
ceeded in conserving the sperm of a cock under
vaseline oil at a temperature of about 5° C. for
120 hours; at the end of this time, more than 40
to 60 percent of the spermatozoa were still rather
active. Diluted semen showed less active sperma-
tozoa after conservation for more than 72 hours,
and considerable diminution of activity after
conservation for 48 hours. In the experiments of
Griffini, best results have been obtained by dilu-
tion in fresh egg white, as indicated by Nikitina,
whereas the Russian medium (abbreviated
G.P.F. 44), consisting of glucose and of the phos-
phates of Ca, Na, and Mg and of egg white, has
given rather inferior results, which confirm earlier
results of Gretschka. ‘

INSEMINATION OF FEMALES

Letard, Gretschka, Griffini, and others agree on
the necessity of introducing the sperm directly
into the oviduct and not into the cloaca. The
technique is simple and quick, as an extroflexure
of the oviduct can easily be produced, by pressing
with the fingers, especially in laying hens.

It is sufficient to introduce an average of 0.1 cc
of pure and diluted sperm into a hen. Artificial
insemination of hens should be repeated once or
twice every week, that is, every 3 to 5 days, to
obtain a high percentage of fertile eggs. By doing
this, Griffini, Bonnier and Trulsson, Burrows and
Quinn, and others have been able to obtain, by
means of artificial insemination, 100 percent of
fertile eggs and a hatch between 80 and nearly
100 percent of the incubated eggs, the Canadian
S. S. Munro a hateh of 85-90 percent.

Burrows and Quinn affirm in a publication on
their experiments with artificial insemination, in
March 1938, that the percentage of fertilization
obtained is equal to that with natural insemina-
tion. The optimum dose of sperm recommended
is 0.05 cc once a week. Smaller doses—as low as
0.02 cc—reduce fertility to barely 34 percent. In

cases of low individual fertility, a dose of 0.1 cc
of sperm might be used once a week.

Gert Bonnier and S. Trulsson have observed
that, although from some hens fertile eggs can
never be obtained, in others the fertility is con-
stantly 100 percent. They noted besides that the
fertility of sperm is reduced according to the age
of the semen used and to the length of the period
between the injection of sperm and the deposition
of the egg. Hence, 4 days after insemination, the
fertility of eggs begins to diminish and it seems
that the sperm, as soon as 3 to 4 hours after ejacu-
lation, has a diminished fertilizing ability.

Until now our Institute has made only a few
experiments on this subject. Nevertheless we
have obtained fertile eggs from hens artificially
inseminated 10 days before and with a normal
hatch. We have also obtained equally good
hatches from fertile eggs, kept for more than 10
days before incubating.

Burrows and Quinn state that as cocks furnish
an average of 1 cc of semen daily, a single cock
may be sufficient to inseminate about 350 hens
once a week, as a result of which, during 1 year,
more than 15,000 chickens can be obtained.

It seems to us that artificial insemination has
no harmful influence whatsoever on the health
of birds.

CONCLUSIONS

Artificial insemination in birds, as in mammals,
can be used for scientific as well as for practical
purposes.

Among the first advantages that we wish to point
out is the possibility of amplifying our knowledge
of the sexual, reproductive, and spermatic biology
of domestic and wild birds and to effect, in certain
cases, the breeding of some wild species which
normally cannot be bred in captivity, as well as
the production of rare hybrids or of such which
otherwise would be impossible to obtain.

From the practical point of view, artificial
insemination in the breeding of birds may have
the following advantages:

1.—When breeding for selection, especially with
rare and valuable males which come from abroad
and are high in price, the reproductive capacity
of the males can be extended to a much greater
number of females than in normal fertilization.
In addition, there is the possibility of the ex-
change and sale of semen, sending it eventually
even at a distance.

2.—It will be possible to obtain fertile eggs,
even if the hens are kept in cages, as in the case
of the so-called battery management, or if, for
some unfavorable transitory or permanent reason
(narrow cages, small space, unfavorable season)
the males do not naturally copulate or do so only
occasionally.

3.—It will be possible for the poultry breeder
as well as for the general aviculturist to obtain,
by artificial insemination, certain crosses and
special hybrids asked for by fanciers, for artistic
and ornamental reasons, which are difficult or
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impossible to obtain in natural fecundation. This
means also new possibilities for marketing singing
or ornamental birds or those bred for their
feathers.

Artificial insemination in birds is practical,
simple, and easily learned. However, the obtain-
ing of semen as well as the use of it must always
be done with the strictest observation of the
method of procedure, with precaution and under-
standing of the vital necessities in the handling
of the semen.

SUMMARY

Artificial insemination of birds is advantageous
for three reasons: (1) It facilitates scientific
studies on production of spermatozoa and on the
development of hybrids; (2) it results in fertile
eggs being obtained from females which otherwise
cannot be easily mated with males (in so-called
battery management); (3) it increases the repro-
ductive possibilities of one male by mating him to
a greater number of females, which is of the
highest advantage for selection.

The researches of the Institute for the Artificial
Insemination of Animals at Milan, Italy have
given the following results:

It is possible, but rather complicated, to obtain

spermatozoa by means of sperm catchers in fowls
and waterfowls; however, the sperms obtained in
this way are purer and more conservable.

The so-called American method, consistingin an
abdominal massage and in pressing the bulbous
ducts, is simple, practical, and possible to perform
in nearly all birds (cock, male turkey, drake, male
pigeon, finch, pheasant, etc.).

In general, the sperm of birds is rather easily
kept viable, but the characteristic qualities of
the production of spermatozoa and the intensity
of lust seem to depend, especially in some species
of birds, on the season of the year, the kind of
management, nutrition, etc.

Solutions for the dilution of the sperm of birds
known until now, seem not yet sufficiently adapted
to the purpose.

The artificial insemination of females is gen-
erally easy, and the introduction of very small
quantities of sperm directly into the oviduct
results in general in a fertility of 90 to 100 percent
in the eggs, though there are rather considerable
individual variations.

No harm to the birds subjected to artificial
insemination could be observed and, the progeny
obtained do not appear to differ in development,
prematureness, vitality, lust, ete., from those
naturally sired.

ARTIFICIAL INSEMINATION OF CHICKENS AND TURKEYS!

By WirLiam H. Burrows, Medical Technician, and JOSEPH P. QuinN, Pouliry Geneticist,
Division of Animal Husbandry, Bureau of Animal Industry, Uniled States
Department of Agriculture, Washington, D. C., U. S. A.

INTRODUCTION

Artificial insemination offers poultrymen a
practical means of a more economical use of
valuable sires, a possibility of carrying on a
mating that might otherwise have to be discon-
tinued because of accidental crippling of the sire,
and a solution to the problem of fertilizing the
eggs of hens in batteries. Also, by transportation
of semen, hens in several localities may be in-
seminated with semen from a single sire without
moving the sire about and thus exposing him to
possible infectious diseases. Artificial insemina-
tion has long been considered a valuable tool for
research in fertility studies, in the work of cross-
breeding in which natural matings are difficult
or impossible, and in numerous other studies in
which reproduction is involved.

As early as 1913, Ivanov (14)? inseminated hens
with semen taken from freshly killed cocks.
Amantea (2), in a study of fowl spermatozoa, and
Dunn (11), studying selective fertilization, col-

1 Burrows, WiLiam H., and Quinw, Joseem P. U. S.
Dept. Agr, Cire. 525, illus. (In press).

2 Ttalicized numerals in parentheses refer to Literature Cited,
p. 84.

lected semen on a dish placed between the cock
and hen during copulation. Craft, McElroy,
and Penquite (10) studied the effect of feeds on
spermatozoa, which they collected from the
cloaca of the hen with a glass spoon after copula-
tion. Payne (18) used a glass spoon to obtain
semen for artificial inseminations. Jull and
Quinn (15) recovered semen from the hen®s cloaca
with a pipette in their work of crossing bantams
with large fowl. Ishikawa (13) devised an
artificial cloaca from membrane and wire which he
fastened to the hen to catch semen for his study
of the viability of spermatozoa outside the body.
Adamstone and Card (1) modified the artificial
cloaca, using thin rubber in place of the mem-
brane, for their study of fowl spermatozoa.

The writers and their coworkers have been
investigating the problems of artificial insemina-
tion of chickens and turkeys at the Agricultural
Research Center, Beltsville, Md. since late in
1934. The work has followed naturally through
two phases and into the third. First a practical
method for the collection of semen was developed.
Later a rapid and efficient means of inseminating
females was devised, and recently a study of the
problem of sperm storage was begun.
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COLLECTION OF SEMEN AND INSEMINATION OF
FEMALES

Several approaches to the problem of collecting
semen were investigated. An attempt to massage
the vas deferens through the cloaca was unsuccess-
ful, as were attempts to improve methods pre-
viously in use. An attempt to adapt the electrical
stimulation used with the guinea pig by Battelli (3)
was disappointing; no semen was obtained and
fatalities were numerous.

The writers, while working with intra-ab-
dominal injections pertaining to another ex-
periment, observed that one bantam male
ejaculated when its abdomen was pinched up
preparatory to injection. From this observation
was developed a method of obtaining semen by
massage of the abdomen which Burrows and
Quinn (6) reported in 1935. The method was
later improved in that semen was milked directly
from the bulbous ducts of the copulatory organ,
as described by Burrows and Quinn (7), thereby
making the process independent of the ejacula-
tory response.

The method in its present form enables two
operators to handle about two birds a minute
and to obtain all their available semen. Burrows
and Titus (9) obtained an average of 1 cc of
semen for each daily collection in more than
3,000 collections from 22 males of a three-way
cross: White Leghorn male X F; female (Rhode
Island Red male X Barred Plymouth Rock
female). However, males of other breeds, such
as Rhode Island Red, have been found to produce
an average of only 0.5 cc per daily collection.
Burrows and Quinn (8) show that individual cocks
yield from 0 to 4.0 cc of semen at a collection. In
most breeds the average yield is probably less
than 1 cc per collection. Burrows and Marsden
(5), reporting on work with Bronze, White Hol-
land, Standard Black, and Bronze X White
Holland crossbred turkeys, show that semen
production in these birds varies from 0.1 to 0.7
cc for each collection with an average of 0.3 to
0.4 cc.

The work of Burrows and Titus (9) demon-
strates that semen production is closely correlated
with testis size, but that such external character-
istics as size and color of wattles and comb and a
willingness to mate are not reliable indices of
semen production.

A technique for inseminating hens was devel-
oped by Quinn and Burrows (19), which consists
in exposing the orifice of the oviduct and inject-
ing semen into it. With this technique, two
experienced operators can inseminate about
200 hens an hour. The fertility obtained varies
from mating to mating and with the individual
hen, as it does in natural matings. Weekly
inseminations of 0.1 cc, and in some instances
0.05 cc, have yielded fertility of 97 percent in
some matings, whereas other matings have given
only 89 percent fertility of eggs after the most
careful inseminations. Carelessness of technique,
such as the use of samples of semen containing

urine, or the failure to introduce the semen into
the oviduct, results in very poor fertility. Bur-
rows and Marsden (§) were able to maintain a
fertility of 80 percent in turkey hens for 4 weeks
after three successive daily inseminations of
0.05 cc of semen. All inseminations referred to
were made with mixed semen from a number of
males. Warren and Scott (21) attempted a
turkey-chicken cross, as did Quinn, Burrows and
Byerly (20). In both cases fertile eggs and em-
bryos were obtained, butnoliving hybrids hatched.

STORAGE

Most of the early work at Beltsville was con-
cerned with the development of routine methods
for use in experimental procedures and in the
practical application of the technique for the
fertilizing of eggs from hens in batteries. In
this work the major consideration was maximum
fertility, and for it semen was used as soon as
possible after collection. However, it is not
always convenient to use semen immediately after
it is collected. In any work that involves the
transportation of semen the problem of storage
arises.

Grodzinksi and Marchlewski (12) made an
extensive study of motility of spermatozoa out-
side the body, as have several besides those
already mentioned. Observations at the Agri-
cultural Research Center showed that undiluted
semen would retain motility for as long as 10
days at temperatures of 2° to 4° C. It was also
observed that some spermatozoa apparently lost
their ability to fertilize eggs while they still
retained a high degree of motility. Mammalian
spermatozoa have been stored at temperatures
slightly above freezing and still retained their
fertilizing ability. However, Birillo and
Puhalzskii (4) have reported that rapid chilling
of mammalian spermatozoa resulted in the loss of
their ability to fertilize. Munro (16) found that
fowl spermatozoa are immobilized at temperatures
of about 105° F. if surrounded by the proper
media, that is, certain saline solutions and the
fluids of the magnum and infundibulum of the
oviduct. Such spermatozoa, he says, again be-
come motile when subjected to media other than
that which immobilize them. In view of these
findings, the study to observe the effects of
storage, under various conditions, on the fer-
tilizing ability of cock spermatozoa was recently
begun. This study has not yet resulted in a
satisfactory method for storing semen, but the
results obtained thus far indicate rather definitely
what some of the limitations of the work will be.
Table 1 gives the conditions and results of these
preliminary observations.

In the present study semen was used from com-
posite samples of 10 or more cocks in all instances.
Samples were collected, a portion tested for its
fertilizing ability while fresh, and the rest of the
sample saved for subsequent tests after being
subjected to various conditions of storage. All
tests were made by a single insemination of a
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number of hens with 0.1 cc of semen, and col-
lecting and incubating their eggs from the second
to the ninth days. The eggs were then broken
and observed for fertility.

Different samples were stored at 1.6°, 2°, 4.4°,
and 20° C. One of the samples stored at 4.4° C.
was cooled very slowly. The sample stored at
1.6° C. was tested after 2 days of storage. A
sample held at 2° C. was tested after 2, 4, and 6
days of storage, and one held at 4.4° C. was
tested after 2, 4, 8, and 25 hours. The sample
held at 20° C. was tested after 2, 4, and 8 hours.

One sample was diluted with Ringer-Locke
solution and subjected to 105° F. (40.5° C.), but

TaBLE 1.—Results of inseminations® with sperm freshly collected
and stored under different conditions

Eggs
Snmpzle Treatment of sperm Hens
No. Fer- | In-
tile |fertile Total
‘Num-~ |[Num-| Num- Num-

ber ber | ber ber
1 Freshly collected 10 25 7 32
2 Stored for 2 daysat 1.6°C.| 10 0 33 33
3 Stored for 2 days at 2°C. 10 0 46 46
4 Stored for 4 days at 2° C. 10 0 45 45
5 Stored for 6 days at 2° C. 10 0 44 44
6 Stored for 2 days at 4.4°C.| 10 0 23 23
Freshly collected 6 18 3 21

Stored at 4.4° C. for—
7 2 hours 6 0 21 21
4 hours 6 0 25 25
8 hours 6 0 21 21
25 hours 6 0 17 17
(| Freshly collected 10 | 30 16 | 46

Stored at 20° C. for—

8 2 hours 10 15 10 25
4 hours 10 0 21 21
8 hours 10 4 38 42

1 All semen was from composite samples and showed good
motility at the times of insemination. Eggs were collected from
the second to ninth days after insemination with 0.1 cc of semen
in every case.

2 Sample 6 was cooled slowly; others were chilled rapidly.

this sample lost its motility and became putrid at
such a rapid rate that no tests were made with it.

As shown in the table, no fertility was obtained
with any of the semen from the samples that were
subjected to temperatures of 4.4° C. or lower.
The sample that was cooled slowly gave results
no different from those that were cooled rapidly.
These results are rather surprising in view of the
work with mammalian sperm and the excellent
motility retained by fowl sperm under these
temperatures. The results obtained at high
temperature suggested at once that any further
work in that direction would necessarily involve
some means of controlling putrefaction. At
20° C. the fertilizing ability of spermatozoa was
not lost so rapidly as at other temperatures tested
and at the end of 8 hours these spermatozoa were
still able to fertilize a small percentage of the

eggs. The data on this point, however, are too
few to permit more than the conclusion that at
20° C. some fertilizing ability is retained for 8
hours. Further work is necessary at temperatures
near 20° C.

SUMMARY

The writers have developed a method at the
Agricultural Research Center, Beltsville, Md., by
which two operators can obtain the available
semen from about two cocks a minute. The
semen is milked directly from the bulbous ducts
of the copulatory organ. Insemination of hens
as described by Quinn and Burrows can be made
at the rate of about 200 birds an hour by direct
injection of semen into the exposed orifice of the
oviduct.

The semen production of cocks averages about
0.5 to 1 cc per daily collection. Semen produc-
tion in turkey toms averages 0.3 to 0.4 cc per daily
collection. On the basis of mixed samples from
several males, 0.1 cc of cock semen introduced into
hens at weekly inseminations results in excellent
fertility, and 0.05 cc of turkey semen given in
daily inseminations for 3 days results in good
fertility for a period of 4 weeks.

In recent experiments, when semen was stored
at temperatures of 4.4° C. and lower, the sperma-
tozoa were found to have lost their ability to
fertilize eggs in the short time of 2 hours. When
semen was stored at body temperature of the hen
(40.5° C.), it became putrid at a rapid rate.
Spermatozoa stored at 20° C. retained some of
their ability to fertilize eggs for 8 hours, but the
number of fertile eggs obtained decreased as the
time of storage increased.
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ALLOMETRIC STUDIES OF POULTRY

By 1. MicHAEL LERNER, Instructor in Pouliry Husbandry, Undversity of California,
Berkeley, California, U. S. A.

The study of relative growth, heterogony, or
allometry, as it is variously termed, forms an
important field in biological research. Ramifica-
tions arising from the simple expression relating
the size of a part to the size of the whole or of
another part have received wide attention from
investigators working with plants, with inverte-
brate organisms, with laboratory animals, with
paleozoological organisms, not to mention the
interest that biomathematicians have displayed
in this connection. In the course of the present
discussion references will be made to a number of
these investigations, most of which have been ably
summarized by Huxley (1932), Needham (1934),
Sinnott and Dunn (1935), Teissier (1936), and
others.

Workers with poultry seem to have neglected
the possibility of applying the concepts arising
from the studies on allometry. It is the purpose
of this paper to point out some of the neglected
possibilities and to discuss a number of applica-
tions of these concepts to problems of research in
the field of poultry production.

THE ALLOMETRIC EQUATION

The basic allometric relationship is that ex-
pressed by the equation

y = bx= 1)

in which y represents a part,  another part or
the whole, b the initial growth index or the value
of ¥ when z equals unity, and « the growth ratio
or the actual or limiting equilibrium constant,
according to Huxley and Teissier (1936).

The derivation of this relationship can be made
in several ways, as stated by Lumer (1937). Suffice

it to say that o« may be considered to represent
the ratio of the relative growth rate of y to the
relative growth rate of z. In logarithmic form
equation (1) becomes

logy = alogz + log b 2)

and if « is constant throughout a given range of
change in y and in z, a straight line is obtained on
a log-log plot, with log b as intercept and « as the
slope. Of the several ways of determining the
allometric constants « and b, probably the most
accurate ones are the least-squares solutions,
given by Schmalhausen (1931) and by Feldstein
and Hersh (1935a).

It is evident that « and b provide simple numeri-
cal bases of comparison of growth patterns of
parts, organs, dimensions, and chemical constitu-
ents of an organism. There are, however, certain
complicating factors involved in this relationship
that lead to limitations in the use of the allometric
equation and that it may not be amiss to discuss
at some length.

LIMITATIONS OF THE ALLOMETRIC EQUATION

Thus, it must be realized, as stated by Brody,
Dayvis, and Ragsdale (1937) that « should not be
considered as a true entity, although attempts
have been made to interpret it in physico-chemical
terms. As Needham (1934) has pointed out, « is
a pure dimensionless number, since if it is different
from unity the dimensions on the two sides of the
equation are not equivalent and do not answer
the equivalence requirement of the theory of
dimensions. Mathematical criticisms of the equa-
tion have been made by Bernstein (1934), by
Richards (1935), and by Lumer (1937). Bernstein
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states that the idea of a constant partitioning of
materials, such as visualized by Robb (1929), is
not tenable. The conclusions of Richards are
unfavorable to the thesis that the equation repre-
sents a fundamental law. Similarly, Lumer does
not consider it adequate for investigations involv-
ing fundamental principles of relative growth,
though concluding that it is a useful approxima-
tion to some more precise law.

We may consider equation (2) as a special case
of the general logarithmic regression formula.
Involving different variables, such regressions
have been used by Schmalhausen (1931) and in a
special application to posthatching growth by
Lerner and Asmundson (1938) and by Lerner
(1938b). The present discussion, however, con-
fines itself to part-part and part-whole relation-
ships only. It may be said with Huxley (1932) in
connection with the statements referring to the
mathematical criticisms, that even if we are deal-
ing with approximations, ““to have a quantitative
expression in place of a vague idea of a general
tendency is not merely a mild convenience.” The
quantitative expression herein involved, aside
from all idea of partition, is the ratio of the rela-
tive developmental rates

dy /dz
ydt/ zdt @®)

and as such has its definite utility.

The caution of Gray (1929) and Richards (1935),
the latter specifically regarding the allometric
equation, against graphic fits of logarithmic equa-
tions should be kept in mind. Fortunately « and
log b values can be tested for validity by the use
of the standard errors as given by Schmalhausen
(1931), Feldstein and Hersh (1935b), and Ler-
ner (1936).

It may be seen from equation (3) that the time
dimension is removed from «. This may consti-
tute an objection in the case of the actual growth
constants, that is to say, constants expressing
actual rates (as contrasted with the limiting
values of @, or limiting equilibrium constants).
Glaser (1938) discusses the question of bringing
the time dimension back into the allometric equa-
tion. An interesting attempt at tridimensional
representation, though on a nonlogarithmic scale,
has been made by Clark (1936).

Another point to be remembered is that « for
individuals may differ from the « values calculated
on the basis of averages, as shown by Hersh (1938).
Finally, the constancy of a should be definitely
ascertained before its calculation is undertaken
for the whole range of observation. As has been
shown by Lerner (1938a), apparently straight-line
plots for a large range may in reality include
tangential fluctuations. A further illustration of
this point may be made from the data of Lerner
and Gunns (1938).! In White Leghorn embryos
at ages between 9 and 20 days, the weight of

1 Unpublished data.

the eyeball gives an a value, with respect to the
weight of the embryo, of 0.260 for males and 0.264
for females. In reality a constantly decreasing
growth ratio obtains. If the whole period is
broken down into 4-day stages, the respective a
values are as follows:

Age (days) Males Females
9-12 0.429 0.470
13-16 .252 . .209
17-20 .201 .190

Nevertheless, the values for the whole period
have a meaning of their own in many such cases
(where their reality is ascertained by the computa-
tion of the standard errors), giving an average
ratio for the particular period.

With such limitations as these in mind, a num-
ber of problems on which the allometric equation
may be profitably employed may be mentioned.

BODY PROPORTIONS

Thus with respect to the growth patterns of the
breast muscle and the length of the leg bones of
the fowl, Lerner (1937) has shown that Barred
Plymouth Rocks and Black Minorcas are identical.
Furthermore, indications were obtained that other
breeds showed similar limiting equilibrium growth
ratios for the shanks. The Bantams, however,
were found to be an exception to this, having
lower values than the larger breeds. Additional
limited data obtained? tend to support this con-
clusion for both the breast muscle and the shank.

The fact that the weight of the breast muscle
in relation to body weight exhibits positive allo-
metry (a being larger than unity) leads to chang-
ing proportions with age. Thus in a mixed popu-
lation of 590 Barred Plymouth Rocks and crosses
between Barred Plymouth Rocks and White Leg-
horns, it was found that the percentage of body
weight formed by one side of the large breast
muscle varied with age according to the following:

Age (weeks) Males Females
Percent Percent

4 2.09 2.25

8 2.80 3.53

12 3.48 3.69

16 3.48 3.97

20 3.83 4.08

Through the use of the allometric equation such
age effect can be expressed by a single value. The
least-squares determination of « yields the values
of 1.240 for males and 1.245 for females. These
figures, incidentally, show a close agreement with
values previously reported for Barred Plymouth
Rocks and for Black Minorcas by Lerner (1937).

In relation to the study of proportions, a state-

2 Unpublished data.
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ment by Robb (1932) may be profitably introduced
into this discussion:

Hitherto there has been lacking an adequate
technique for the recognition, and description, of
quantitative characters. The ratio, favorite of
anthropologists, is even more fallacious than the
bimodal curve. Each presumes to define the
phenomenon (which involves an entire sequence
of point-events from fertilization to decay) by
one cross section made at an arbitrary point in
time. Even though the unit-character be viewed
as a four-dimensional object in space and time,
its properties are not immediate functions of the
time dimension; hence that convention is also
misleading.?

It seems clear from this citation that, for
instance, genetic studies of shape or conformation
which do not take account of developmental rates
address themselves to the method of inheritance
of something that is the result of interaction of a
number of processes rather than to the inherited
factors themselves. By means of allometric con-
stants describing growth in different dimensions,
we should be able to isolate the inherited factors
themselves. Shape is a function of these rates
and of time or duration of growth from the begin-
ning of growth of any particular dimension to the
time of its approach to the upper asymptote. A
cross section or ratio taken at any point in time
does not permit us to judge of the genetic differen-
tials involved either in the final shape or in the
conformation at any given time, for instance,
when birds are to be marketed. For purposes of
selection we do not know whether this selection
is to be made for developmental rate in one par-
ticular direction or for time relationships.

The quantitative nature of the characters in-
volved must be appreciated. Although these
characters have been termed quantitative for
many years, they are still treated as qualitative
differences. Attention should be centered on the
processes leading to the assumption of the specific
form rather than at the end products themselves.
Allometry is one of the methods which permits us
to do that, and its utility in this connection should
not be neglected.

Jaap (1938) made an approach to the relative
growth function by using the ratios of different
dimensions to the cube root of body weight, al-
though he thus selected only a special case of
limiting allometry rather than a generalized
(through the use of logarithms) application of
this function. Furthermore, the use of limiting
constants instead of the actual growth constants
does not reveal the operation of the inherited
features of developmental rates controlling shape.
To emphasize this point, it may be said with Sin-
nott (1937) that “just what a gene controls must
be learned before we can understand how the gene
controls it.”” If Thompson’s (1917) dictum that
form is the result of differential growth is ac-
cepted, the genes may be expected to control rates

3 It should be noted here that the time dimension, however,
cannot be entirely neglected.

and not final proportions. Such single rates and
particularly patterns may be readily described in
terms of the allometric equation, the inherited
growth relationship constants being ‘“‘the real
expression of genic activity or the true’’ char-
acters themselves. It is sufficient to recall
Kopece’s (1927) study on inheritance of shape for
an illustration of the inadequacy of the alterna-
tive approach that utilizes limiting dimensional
ratios only. The reader is referred to the review
by Sinnott and Dunn (1935) and to Kaiser’s (1935)
paper for a further discussion of this topic. Hux-
ley (1932) also discusses in detail the determina-
tion of growth gradients, for examples of which
with poultry the reader is referred to the papers
by Lerner (1936, 1937).4

The study of limiting « values, however, may
also be profitably employed. An example of this
may be given from tables VII and X of Maw
(1933). Thus if log-log plots are made of the body
weights at 26 weeks of age against two of the
measurements selected at random, the following
may be seen:

1. Circumference of the body behind the wings
tends to give a straight line for all breeds and
crosses, with the exception of the Cornish. In
other words, the limiting « value of this dimen-
sion is uniform in these breeds, whereas the dis-
tinguishing feature of the Cornish is the larger
circumference at the same body weight.

2. Length from wings to beak, on the other
hand, does not yield the same kind of plot and
may apparently be a breed character irrespective
of body weight. This example illustrates how the
possibility of selection for desirable body shape is
enhanced by the use of the simple analyses
suggested.

CHEMICAL ALLOMETRY

Another interesting application of the relative
growth funection is involved in the concept of
chemical allometry, first utilized by Teissier and
cited by Needham (1934). Needham, comparing
the allometric constants of various chemical con-
stituents of different animals, concludes that a
uniform chemical ground plan of animal growth
seems to exist. There is, however, a certain range
of intraspecific variation, such as is found in the
case of glutathione concentration in newborn
rabbits by Lerner, Gregory, and Goss (1936).
Similar variation though not so clean cut was
found by Gregory, Goss, and Asmundson (1937)
in chickens.

On the other hand, preliminary work on the
rate of fat deposition in the breast and thigh
muscles, carried on in this laboratory, has re-
vealed no discernible differences in the early
stages of growth between Barred Plymouth Rocks
and White Leghorns. . Significant intermuscle
differences were, however, found. Such differ-
ences lead to the differences in fat contents of the

4 The 1936 paper has been erroneously entitled ‘‘Heterogony
in the azzal ...’ rather than appendicular ‘‘skeleton of the
Creeper fowl.”
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breast and thigh at later ages, found by Maw and
Puddington (1937) and by Harshaw (1938). The
data of Harshaw for breast fat yield an « value
(breast fat to breast weight) of 1.476 &+ 0.263,
which, in the light of its standard error, is a valid
constant. His data on the thigh fat appear to be
too erratic to give a significant value.

STUDIES OF EGGS

The relative growth function may be extended
to studies of eggs. Thus Huxley (1932) found an
intraspecific relation between egg white and body
weight, the o value in Carinatae being 0.67. In
this laboratory, a flock of 434 White Leghorns
weighing from 1,300 to 2,299 grams yielded an «
value of 0.299 + 0.010, the data being grouped.
Similarly, the data of Graham, cited by Jull (1932,
p. 220) show « to equal 0.314 for his 1929 flock of
Rhode Island Reds. His 1928 flock, owing to the
irregular variations in the data, was not amenable
to such analysis. There is considerable room for
studies of this sort to determine the nature of egg-
size fluctuations with breed, age, season etc.,
which lead to valid allometric relations in some
cases and not in others.

The size of egg parts in relation to total egg size
is undoubtedly an allometric function. Hen-
dricks, Lee, and Godfrey (1931) have used it in a
modified form

y = bz — y)ps )

in relating the amount of shell to egg weight.
Taylor and Lerner (1939) preferred a simple per-
centage value, but their choice was governed by a
series of considerations, which may be particular
to the data involved and not general. As an illus-
tration of the allometric relationship between yolk
and egg weight, the data of Curtis (1914) (mean
monthly values of bird No. 218, tables 24 and 26)
give an « value of 1.496.

The exigencies of space prevent any further dis-
cussion of the application of the principles of
allometry to problems of poultry production.
The examples cited are probably sufficient to
bring out the convenience of expressing various
quantitative relationships by means of the rela-
tive growth equation. The exhaustive mono-
graph of Huxley (1932) presents many further
elaborations involving genetics, physiology, em-
bryology, ete. If the present discussion serves to
stimulate the use of the principles enunciated by
Huxley, Teissier, and other workers to whom
reference has been made, in connection with the
problems of poultry production, it has amply
fulfilled its purpose.

SUMMARY

The concept of allometry, using the simple rela-
tionship obtaining between the relative growth
rates of a part and of the whole, finds ready appli-
cation in the studies of problems of poultry pro-
duction. Easily calculated ratios, expressing
growth patterns of parts, organs, or dimensions,
can aid in genetic and physiological interpreta-

tions of results obtained in many diverse prob-
lems. Body conformation, percentage of different
kinds of flesh, chemical composition of poultry
meat, egg size, weight of parts of the egg, and
other factors may be analyzed from the standpoint
of relative growth. A general review of literature,
with suggested applications and illustrative mate~
rial with respect to these, is presented, and certain
limitations of the methods described are discussed.
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EFFECT OF THREE ENVIRONMENTAL VARIABLES ON GROWTH AND SEXUAL
DEVELOPMENT OF CHICKENS
By E. W. CALLENBACH, Professor of Poultry Husbandry, and J. . N1cHOLAS, Professor

of Agricultural Engineering, The Pennsylvania State College, State
College, Pennsylvania, U. S. A.

Growth and sexual development of chickens are
two heritable characters of vital interest to com-
mercial poultrymen and poultry scientists. The
response of chickens to three environmental vari-
ables—brooder-house temperature, brooder-house
relative humidity, and the ration fed—is reported.

EXPERIMENTAL

Series C.—Four groups of 125 sexed. Barred
Plymouth Rock chicks were placed in especially
insulated colony brooder houses of the type
described by Nicholas and Callenbach.! Two of
the houses supplied a high and constant tempera-
ture accompanied by a low relative humidity.
The other two provided a lower temperature,
which fluctuated with outside conditions, and a
correspondingly higher relative humidity. The
chicks placed in one warm and one cold house were
fed the regular Penn State chick starter and laying
mash. Those placed in the other two houses, pro-
viding similar environments, were fed the same
mash, with the addition of a grain mixture after
the eighth day. In all cases the feed mixtures
were constantly available in feeders of appropriate
size. Brooding equipment and management were
the same in all houses.

Each house group was divided into seven sub-
groups, one of which remained in its original
brooding quarters for the duration of the 9-week
brooding period. The other six subgroups were
transferred at 1, 2, 3, 4, 6, and 8 weeks of age to
the other house providing opposite conditions of
temperature and relative humidity but the same
ration. Thus, there were 28 subgroups in the
series.

Series D.—Four groups of 125 sexed Single-
Comb White Leghorn chicks were brooded in the
same houses as series C and under similar condi-
tions, but with provisions for supplying moisture
in the two warm houses. Subgroupings and trans-
fers were made in the same manner as for series C.
The two mash- and grain-fed groups had grain
available after the third day.

RESULTS

Figure 1 shows graphically the temperature and
relative humidity conditions to which the seven
subgroups of group 1, series D, of the Single-Comb
White Leghorns were exposed. It illustrates the
changes in environment experienced by all sub-
groups and the basis for calculating average tem-
peratures and relative humidities (tables 1 and 2).
These averages, which are described as ascending

1 Nicroras, J. E., and CaLLensacH, E. W. Air conditioned
poultry brooder houses. Agr. Eng. 17, 12:518-521. 1936,

or descending according to whether the groups
were transferred from high to low conditions or
vice versa, are for the first 8 weeks of the rearing
period. Thereafter, environmental conditions,
except for the ration fed, were similar for all large
groups and subgroups.

Growth and sexual development as measured by
weight and age at sexual maturity (tables 1 and 2)

TEMPLRATURE IN RELATIVE HUMIDITY
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Ficure 1.—Brooder-house temperature and
relative humidity for Single-Comb White Leg-
horns in the seven subgroups of group 1, series D.

demonstrate no influence of either brooder-house
temperature or relative humidity when these fac-
tors are constant or fluctuating within the limita-
tions of the experiments described. The sub-
groups of groups 3 and 4 of both series C and D,
which were fed the Penn State chick starter and
laying mash only gave results similar to those
tabulated for subgroups fed grain and mash
(tables 1 and 2).

The effects of feeding a mash containing 18.5
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TaBLE 1.—Effect of temperature and relative humidity on weight and age at sexual maturity of comparable subgroups of Barred Plymouth
Rocks and Single-Comb White Leghorns

Barred Plymouth Rocks

Groups C-1 and D-1, fed mash and grain ad libitum

Single-Comb White Leghorns

Average Average i Average Average i
Subgron tempera relative Sexual maturity Sub fompera ol Sexual maturity
dSaproue | ke | pumidity duberou | R | pimidiy
(ascend- | (descend- | Average | Average gnatio (ascend- | (descend- | Average | Average
ing) ing) weight age ing) ing) weight age
°F. Percent Grams Days °F. Percent Grams Days
C-1-a 47 69 2,204 184 52 67 1,645 167
C-1-b.......... 52 61 2,466 176 . 58 66 1,797 169
C-1-¢ 60 51 2,458 185 63 64 1,742 167
C-1d.......... 64 46 2,214 173 67 62 1,654 164
C-le......... 67 42 2,431 180 70 60 1,779 166
C-1f........ .. 71 37 2,280 179 74 57 1,754 167
C-1-gl......... 74 33 2,435 177 77 55 1,728 166

1 This subgroup was kept continuously in its original brooding quarters.

TaBLE 2.—Effect of temperature and relative humidity on weight and age at sezual maturity of comparable subgroups of Barred Plymouth
Rocks and Single-Comb White Leghorns

Groups C-2 and D-2, fed mash and grain ad libitum

Barred Plymouth Rocks

Single-Comb White Leghorns

Ao | Amee | o mtarit e | Ayt | Senul maaris
Subgroup twfrea humidity Subgroup t\?re humidity
designation | (goseend- | (ascend- | Average | Average designation (descend- | (ascend- | Average | Average
ing) ing) weight age ing) ing) weight age
°F. Percent Grams Days °F. Percent Grams Days
C-2-a 70 38 2,444 175 75 54 1,729 169
C-2-b 65 46 2,380 177 69 54 1,735 164
C-2-¢ 58 56 2,241 175 64 57 1,724 164
C-2-d 53 61 2,253 178 60 59 1,725 172
C-2-e.......... 50 66 2,320 176 57 61 1,738 166
C-2f. .. ...... 47 70 2,247 179 53 64 1,721 174
C-2-gl......... 43 75 2,300 174 50 66 1,699 166

1 This subgroup was kept continuously in its original brooding quarters.

TABLE 3.—Efect of ration fed on weight and age at sexual maturity of comparable subgroups of Barred Plymouth Rocks and Single-Comb
White Leghorns

Barred Plymouth Rocks

Single-Comb White Leghorns

Average weight at Average age at Average weight at Average age at
Series sexual maturity sexual maturity of Series sexual maturity sexual maturity of
and group, of birds receiving— birds receiving— and group, of birds receiving— birds receiving—
and an
subgroup Mash M:igi:nd Mash Ma;l;i?lnd subgroup Mash M:Sr:iind Mash MZi:iind
Grams Grams Days Days Grams Grams Days Days
C-1 and C-3: D-1 and D-3:
F 2,253 2,204 193 184 . 1,745 1,645 168 167
boooooo 2,219 2,466 194 176 b.. 1,690 1,797 169 169
Cooiiinn 2,342 2,458 194 185 Cooiiin 1,647 1,742 169 167
d......... 2,310 2,214 190 173 d........ 1,503 1,654 168 164
e ... .. 2,181 2,431 187 180 e ........ 1,628 1,779 166 166
foooi 2,303 2,280 183 179 f... 1,666 1,754 168 167
g...... s 2,295 2,435 179 177 g 1,664 1,728 169 166
C-2 and C-4
8. 2,415 2,444 199 175 1,663 1,729 161 169
b 2,273 2,380 183 177 1,661 1,735 161 164
Coovvniinnn 2,177 2,241 182 175 1,687 1,724 169 164
d......... 2,253 2,253 184 178 1,636 1,725 166 172
€ ... 2,246 2,320 204 176 1,692 1,738 173 166
fooo 2,246 2,247 190 179 1,769 1,721 178 174
- S 2,267 2,300 193 174 1,792 1,699 187 166
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percent of protein and the same mash plus un-
limited quantities of a grain mixture of corn,
wheat, oats, and barley, are shown in table 3.
The data definitely refute the widespread opinion
that heavy grain feeding of immature pullets has
a retarding influence on sexual development. In
fact, the converse was particularly evident in the
Barred Plymouth Rocks. Every grain-fed sub-
group of this variety matured at a younger age
than its paired subgroup fed mash only. From
the standpoint of growth the evidence is almost
equally conclusive in both varieties. These re-
sults are contrary to expectations based on pro-
tein-level and sexual-development relationships
determined with all-mash rations. It is possible
that the physical constitution of the total feed
intake may be a more important factor in poultry
nutrition than it has heretofore been considered.

SUMMARY

Eight groups of sexed pullet chicks were reared
with similar brooding, feeding, and watering
equipment in especially insulated brooder houses.
In one series of four groups the house temperature
and the ration fed were carefully controlled but
the humidity was variable. In the other series
of four groups humidity also was controlled.

Each house group was subdivided into seven
subgroups, six of which were transferred at various
ages from their original quarters to another house
supplying contrasting temperature and humidity
conditions but the same ration. Thus, in the
eight large groups there were 56 subgroups exposed
to both similar and dissimilar environments for
different lengths of time during a 9-week brooding
period. After 9 weeks the environment, except
for the ration fed, was the same for all large
groups and subgroups.

Within the limits provided in these experiments,
neither brooder-house temperature nor brooder-
house relative humidity had any measurable in-
fluence on growth or age at sexual maturity.

Ad libitum feeding of a grain mixture, in addi-
tion to an 18.5-percent protein mash, after 3 or
8 days of age (for series D and C, respectively)
did not retard sexual development. In fact, in
the 28 pairs of subgroups exposed to the same con-
ditions except for all-mash in one case and mash
and grain in the other, 23 of the subgroups fed

mash and grain matured earlier than the cor-

responding subgroups fed all-mash, and 21 sub-
groups fed mash and grain had greater average
weights at first egg than the corresponding sub-
groups fed all-mash.

EFFECT OF ANDROGENS ON THE CHICK!

By W. R. BRENEMAN,? Assistant Professor, Waterman Institute, Indiana University,
Bloomington, Indiana, U. S. A.

The value of the fowl as a test animal for endo-
crine research has increased greatly in the last
few years. Careful study of male-hormone
thresholds by Greenwood and others (1935) and
the development by Tschopp (1935) and Fuss-
ganger (1934) of the method of direct application
of androgens to the comb have made the capon-
comb test more useful for male-hormone stand-
ardization. Earlier work by Riddle and Polhe-
mus (1931) and by many others emphasized that
the testis of the dove and pigeon is very responsive
to small quantities of pituitary gonadotropic
hormone. Domm and Van Dyke (1932), Schock-
aert (1933), and Breneman (1936) have demon-
strated that this latter generalization also applies
to the fowl. It is obvious from these facts that
the cockerel is especially well adapted for use
in a study of pituitary-gonad interrelationship:
The comb responds to small quantities of andro-
gens and the testes reflect slight variations in
pituitary hormone level. We have endeavored, in
our laboratory, to study the various aspects of
male-hormone action in the baby cockerel as

t Contribution No. 83 from the Waterman Institute and No.
278 from the Zoology Department, Indiana University.

2 The author wishes to acknowledge his indebtedness to the
National Youth Administration for technical assistance.

demonstrated by stimulation of comb growth and
the crowing reaction and by inhibition of testic-
ular growth. This study has also been supple-
mented by an analysis of the normal develop-
ment.

MATERIAL AND METHODS

Single-Comb White Leghorn cockerels were used
as experimental animals. These were all ob-
tained from one hatchery, and controls were
checked against each experimental group when-
ever possible. Control chicks were kept in the
same cages with treated birds in a battery brooder
in order that conditions such as feed, water, and
light would be uniform for all animals. Un-
published data from this laboratory show that
crowding chicks or limiting their feed is followed
very quickly by lower gonad weights and lessened
response to male hormones. These factors, there-
fore, must be controlled as carefully as possible.

The synthetic male hormones employed were
supplied through the courtesy of Dr. Max Gilbert
of the Schering Corporation. The preparations
used were: Oreton (testosteronepropionate), ore-
ton-B  (dihydroandrosterone-benzoate), andro-
stenedione, and dehydroandrosterone. All were
in seseme-oil solution and, except when otherwise
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noted, were injected subcutaneously on the side
beneath the wing.

The factor used to designate comb size repre-
sents the square root of height times length in
millimeters (~/H X L mm). This factor israther
satisfactory for comparing comb growth in the
chick. Testes were weighed to the nearest tenth
of a milligram on a ‘‘chainomatic’’ balance as
soon as removed, and the weights as presented
in the tables are for both testes.

RESULTS AND DISCUSSION
The investigations of Koch (1936), Meischer
and others (1936), Parkes (1936), Deansley and

TaBLE 1.—Comparative effect of androgens on the chick
No treatment (control)

Chic | Quan- Period of Comb | Testes
No. Series :’g’c’; ;3' treatment sizel | weight
Milli- Mqllz-
grams Days grams
B5. . 4.6 16.0
Treated with oreton (Testosterone-propionate)
26....... A...... 0.625 | Fifth to ninth 7.4 13.0
42.......| B...... 1.25 do 7.8 11.9
14....... C...... 1.25 | Fifth 5.9 12.3
39....... D..... 2.5 First, third, fifth,| 8.8 12.8
seventh, ninth
10....... E.... 2.5 First 7.0 13.5

Treated with oreton-B (Dihydroandrosterone-benzoate)

4....... F...... 0.625 | Fifth 7.7 11.9
4.......G..... 1.25 do 7.7 12.7
10....... H..... 1.25 | First 8.4 10.3
8....... I..... 1.25 | First, third, fifth,| 8.6 13.0
seventh, ninth
20....... Tl 1.25 | Fifth to ninth 8.4 12.0
28 Koo 1.25 do A4
14....... L...... 2.5 First, third, fifth,! 9.1 |........
seventh, ninth
Treated with Androstenedione
Mo M| 125 | Fihtominh | 67 [

13.......IN ..... l 1.25 ‘ do

1 Designated by square root of height times length in milli-
meters.

Parkes (1937), and Kochakian (1938) have estab-
lished that androgens of the testosterone series
are more efficient than those of the androsterone
series when tested on the capon or castrated rat.
Parkes and Kochakian are agreed that the most
potent compound of all those tested is the pro-
pionate ester of testosterone, and Callow (1936)
has indicated that dihydroandrosterone-benzoate
is several times more potent than androsterone.
The data in table 1 indicate clearly that the baby

cockerel reacts somewhat differently to androgens
than does the capon or castrated rat.

Two things are immediately apparent from the
data: (1) Comb size was increased very markedly
by injections of male hormones previous to the
tenth day, and (2) there was also a uniform in-
hibition of testicular growth. These points have
been partially considered in previous work, re-
ported by the author (1937, 1938a, 1938b), and
some additional generalizations may also be made
at this time. The ratio between comb growth and
testes weight tends to be inversely proportional.
The chicks that have the largest combs usually
have the smallest gonads. The groups in which
injections were begun on the fifth day cannot be
compared accurately with those treated from the
first day because in the latter groups (series D,
E, H, I) the hormones were available over a
longer period of time. This greater duration of
treatment explains the greater comb growth, but
the testes in three of the four groups average
heavier than those in the shorter-time series, and
this fact suggests the existence of a different
threshold response for comb growth and testis
inhibition.

Comparison of the oreton and oreton-B series
demonstrates that in the chick the propionic ester
of testosterone is not the most efficient andro-
genic substance. Oreton-B produced greater
comb growth at the same dosages than oreton
(series C and G, B and J, K), and actually in
several of the groups a given quantity of oreton-B
was nearly as effective as twice that quantity of
oreton (series D and I). It was expected, on the
basis of the work previously cited, that oreton
and oreton-B might be of approximately equal
potency. It is obvious, however, that in these
experiments oreton-B is much more effective than
is oreton as measured by comb growth and, as
will be pointed out later, will produce the crowing
response earlier.

One of the most striking things about the
propionic ester of testosterone was the observa-
tion by Parkes that single injections were as
efficacious as were multiple doses in the capon or
castrated rat. Kochakian’s experiments are in
disagreement on this point because he found that
divided injections produced better response. The
data that are presented in this paper support the
conclusions of Kochakian, inasmuch as the mul-
tiple doses of oreton produced greater comb
growth in the chick (series B compared with
C, D with E). The most surprising aspect of the
problem is the fact that the androgenic effect of
one injection of oreton-B is greater than that
produced by single injections of oreton (compare
C and E with G and H) and compares favorably
with the response that followed the administra-
tion of oreton-B in divided doses. The dihydro-
androsterone-benzoate is, therefore, mueh more
potent in the chick than is the testosterone-
propionate.

Dehydroandrosterone and androstenedione
elicited less response than the other two andro-
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gens, and this finding is in harmony with the data
presented from other laboratories. Our results
are inadequate at this time to admit a generaliza-

tion as to the relative effectiveness of the dehydro- .

androsterone and the androstenedione in the
chick.

The differences in the response of the chick
and the capon to oreton and oreton-B suggest
first of all that the testes modify the reaction.
This finding is supported by the observation of
Greenwood and coworkers that comb growth of
capons having small testicular fragments was
much more marked than that in capons receiving

second possible explanation for the dissimilarity
in response between chick and capon should also
be considered, namely, that absorption and
hydrolysis of the injected hormones in the chick
might be different from those of older birds. A
partial test of the effect of variation in absorp-
tion was made by injecting oreton and oreton-B
into the body cavity. Experimental results
involving these possibilities are considered in
table 2.

The results in table 2 show that when two
hormone preparations are given simultaneously
the comb is stimulated to greater growth than

TABLE 2.—E[fect of the combination of androgens injected and the method of injection on comb growth
Subcutaneous injections

. . Size of comb on day indicated
Clgloc.k Series 1 Androgen injected | tf:;;ﬁegi _
! 5 | 1w 15 20 25 30 35
} Days l

12......... O........ 0.125 mg androstene-| Fifth to ninth....j... .. ..., 7.9 11.0 14.7 18.9 22,6 ... ..
dione and 0.125 mg
dehydroandroster-
one.

12......... P 0.125 mg oreton and|. ..do.............|......... 10.2 15.9 20.2 25.0 29.9 | ........
0.125 mg oreton-B. |*

12......... Q........ 0.125 mg androstene-|....do.............|[......... 10.5 16.2 21.1 25.9 3.1 [
dione and 0.125 mg,
oreton-B.

12......... R........ 0.125 mg dehydroan-l_ odo. 9.9 15.8 20.4 26.0 30.7 |,
drosterone and 0.125)
mg oreton-B.

12......... S -| 0.125 mg androstene-|... do.............|......... 9.1 12.1 15.8 21.6 28.0 |.........
dione and 0.125 mg
oreton.

12......... T........ 0.125 mg dehydroan-|....do ........ .. .|....... .. 8.3 11.1 15.7 21.0 26.6 ... ...
drosterone and 0.125
mg oreton.

16......... U........ 0.125 mg oreton and| First to fourth ... 5.4 10.7 4.5 |
0.125 mg oreton-B.

20......... Voo 0.25 mg oreton-B.....|....do............. | 5.8 12.2 17.4 22.1 27.3 32.2 ...

Intra-peritoneal injections
0.25 mg oreton. ...... Fifth to ninth....|. ..... ... 7.0 10.0 13.8 16.6 18.9 25.6
0.25 mg oreton-B... .. coodoo e 7.6 12.3 15.3 17.6 20.6 27.9
Control
180........ [ ST AT TRPS | 3. | «6 | 70 | 13 [ s | w7 | 25

the same dosage of androgens. The testes in the
White Leghorn cockerel have an average weight
on the tenth day of only 16.0 mg, and it seemed
unlikely that appreciable quantities of hormone
would be secreted by such small immature glands.
A study of the normal cycle, reported by Brene-
man (1938a), supplemented by work on the
caponized baby chick indicated, however, that
the gonads were releasing some androgenic sub-
stance. The possibility of an interaction between
this substance and the injected hormone seemed
quite likely, and experiments were conducted,
therefore, in which various combinations of
androstenedione, dehydroandrosterone, oreton,
and oreton-B were injected simultaneously. A

when only one is injected. This statement ap-
plies even though the total quantity of hormone
administered in the combination series does not
exceed the dosage of a single hormone. With one
exception this increased effectiveness was noted
in all series, including the combinations of de-
hydroandrosterone and androstenedione, and
most significant was the fact that the oreton-B
combinations were uniformly more potent than
were the corresponding oreton combinations
(series Q and R as compared with S and T'). The
greater stimulation of comb growth that occurred
when oreton-B was injected alone from the first
to the fourth days (series V) was the exception
encountered in the data. This result appears at
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first to be contrary to the others but may be
interpreted as evidence of an early interaction he-
tween oreton-B and a testicular androgen. If the
testes secrete male hormone at this early age, it
would seem logical to expect these substances to
be in the testosterone series or in the group of
intermediate compounds such as androstenedione
or dehydroandrosterone. The data show that
treatment from the fifth to ninth days with ore-
ton-B and androstenedione (series Q) was more
effective than was similar treatment with oreton
and oreton-B (series P) and that oreton-B plus
dehydroandrosterone (series R) was nearly as
potent as oreton plus oreton-B. These results
suggest that the testicular androgen is more
nearly comparable to androstenedione or dehydro-
androsterone than to testosterone, and this as-
sumption would also explain the greater effective-
ness of oreton-B when given alone than when
given in smaller quantities with oreton.

The most spectacular phenomenon observed
in these experiments was the crowing response,
which had been reported in previous work to occur
on or about the eleventh day in those series in
which injections were begun the fifth day. Crow-
ing was observed on the seventh and eighth days
in the series in which oreton and oreton-B were
given together (series P), and some of the chicks
crowed on the seventh day in the combination
group in which injections were begun on the first
day (series U). The action of oreton-B alone,
however, on and after the first day, as was pre-
viously noted, produced greater comb growth than
did any of the combination series and erowing also
occurred earlier, in this instance on the fifth
day (series V). Thelaboratory assistant reported
crowing on the fourth day, but this was not
confirmed by the author.

The effect of intraperitoneal injection of oreton
or oreton-B does not support the idea that dif-
ference in the rate of utilization is important as
a primary factor influencing the action of male
hormones in the chick. The relative responses
of the birds to oreton or oreton-B when injected
into the body cavity were the same; oreton-B
was again the more potent of the two substances.
Some important differences may be observed,
namely, that the initial comb growth was not so
marked as when the hormones were given sub-
cutaneously, and after the injections ceased the
combs continued to grow, but on the twenty-
fiftth and thirtieth days did not differ markedly
from those of the controls. Comb sizes by the
thirty-fifth day were again much larger than in
the untreated birds. This fluctuation is not typi-
cal of the series that received subcutaneous in-
jections, and since comb growth in the intra-
peritoneal series was less than in any of the
other groups, this aspect of the problem should
be analyzed further.

The oreton-B combination groups gave maxi-
mum comb size at all time periods (series P, Q, R)
except for series V noted previously. Averages
for the chicks receiving androstenedione plus

oreton-B exceeded those for the chicks receiving
oreton + oreton-B, and after the fifteenth day
the birds injected with dehydroandrosterone +
oreton-B were also superior in comb size to the
latter group. The question of the continued
growth of the comb after the cessation of in-
jections of oreton or oreton-B was considered in
previous papers from this laboratory. Two al-
ternative explanations were advanced: (1), That
the injected hormone was active throughout the
entire period, or (2) that the testes were secreting
sufficient androgen to make continued comb
growth possible. Tests with baby capons sup-
ported the second alternative. The results of the
experiments in table 2 also seem to be further
confirmation for this latter conclusion because
in every instance the greatest growth occurred
by the tenth day, and after that time the growth

TaBLE 3.—Gonad weights in control and injected chicks at 35 days
of age
No injections (controls)

Gonad weight
Chick s Period of | __ —
No. Androgen injected injection Aver
Range e
. age
Days | Milligrams 2{;”":;
200 57.0-158.5 |{102.9
Subcutaneous injections
— B —— S
15...... Oreton-B............. Fifth 82.8-174.7 |123.1
8. ... Oreton-B ... .| Fifth to | 86.4-162.5 [117.4
ninth
12..... Oreton + Oreton-B .. do...... 47.0-142.0 | 96.6
10...... Oreton-B......... .. ' dot 58.3-147.4 | 83.2
13...... Dehydroandrosterone . |...do......| 32.7-115.8 | 78.0
4. Androstenedione . ... .. ...do...... 43.7-118.3 | 76.6
Intraperitoneal injections
20...... Oreton.................|...do .| 48.8-167.3 | 83.8
24...... Oreton-B.............. ...do... 42.3-136.4 | 90.1

1 One testis removed on fifth day.

curves fluctuated in a way that is hardly con-
sistent with slow and regular absorption from an
oil solution. :

A study of the growth curve of the comb for
the normal chick shows that the rapid period of
growth is from the fifteenth to twenty-fifth days,
decreasing slightly after that time. The rate of
comb growth in the injected series, with the ex-
ception of the series given intraperitoneal in-
jections and with variations in the dehydroandro-
sterone-androstenedione group, closely parallels
the normal curve for this period, but does not
show the decrease in rate that is evident in the
untreated chicks from the twenty-fifth to thirtieth
days.

Our conclusions thus far have presumed the
secretion of some testicular androgen by the
chick and, if our interpretations are justified, we
should find in the testes some explanation for the
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continued comb growth in the experimental birds.
It was reported by Breneman (1937) that testic-
ular weights of .chicks which were given oreton,
oreton-B, and male-urine extract gave evidence of
inhibition, but weights became normal after the
injections ceased and in some cases averaged
higher than the controls. A similar analysis of
the testicular weights in some of the combination
series is presented in table 3.

There is great individual variation in gonad
weights, especially in month-old birds, and for
this reason the data as presented must be used
with caution. The general conclusions, how-
ever, are apparent. Although the average of
102.9 mg for the controls is probably high because
these particular chicks were in less crowded con-
ditions than the experimental birds, it should be
noted that the gonads of the chicks injected with
oreton-B averaged higher and those of the chicks
injected with oreton + oreton-B nearly as high
as the gonads of the controls. If maximum allow-
ance is made for variation, it is obvious that
the injected and control chicks in these series
have gonads of about the same weight with a
possibility of the injected birds having the
heavier ones. Attention should also be called to
the series in which one testis was removed on the
fifth day. The average weight of the remaining
testis was 83.2 mg on the thirty-fifth day, and this
is considerably more than one-half the average
for the two testes of the controls. These results
show that the pituitary of the injected chicks
was not suppressed over the entire 35-day experi-
mental period. The testes in the dehydro-
androsterone and androstenedione series, on the
other hand, do show very definite evidence of
inhibition of some sort, because the average
weights are only 78.0 mg and 76.6 mg respectively.
Likewise the chicks, that received their hor-
mone intraperitoneally have lower average testes
weights than do the controls, which certainly
appear to be the result of inhibition.

A correlation of the comb growth with the
testes weights affords additional material to ex-
plain the difference in results. Maximum comb
growth was in the oreton-B series, which received
its hormone from the first to the fourth days
(Series V). A roughly comparable series given
hormone on the fifth day only had testes with the
maximum average weight of 123.1. Comb growth
in the intraperitoneal and androstenedione-de-
hydroandrostenedione series paralleled and did
not greatly exceed that in the controls and it
would seem, therefore, that the greater initial
stimulation of the injected hormone was later
offset by a lesser quantity of testicular androgen
available from the smaller testes.

An histological study of the testes in these
various groups should add further information
for interpreting these results. Preliminary study
has shown active spermatogenesis in some of the
oreton-B treated chicks, but in the series given
androstenedione and dehydroandrosterone the
tubules appear to be inhibited in their develop-

ment. Final conclusions, however, must await
detailed study.

SUMMARY

Single-Comb White Leghorn cockerels were in-
jected, beginning on the first or fifth days after
hatching, with oreton (testosterone-propionate),
oreton-B (dihydroandrosterone-benzoate), dehy-
droandrosterone, and androstenedione. The
testicular weights in the treated chicks were lower
than those in the controls at the close of the
injection period (tenth day). Comb size was
greatest in the oreton-B series, and crowing oc-
curred as early as the fifth day. The combs con-
tinued to grow after injections were terminated.
The smallest combs were found in the series that
received subcutaneous injections of dehydro-
androsterone or androstenedione and intraperi-
toneal injections of oreton or oreton-B. The
combs of these groups, however, exceeded those
of the controls at the time injections were termi-
nated and also when the chicks were 30 or 35
days of age.

Various combination injections of the four
androgens demonstrated that those series which
were given oreton-B along with another hormone
had the most marked comb increment. The data
support the hypothesis that the chick testis is
secreting some androgenic substance or substances
and that this androgen probably is more nearly
like androstenedione than testosterone-pro-
pionate. Testis weights in the groups injected
with oreton-B or oreton-B plus oreton were
normal or even slightly higher than the controls
at 35 days of age. There was evidence, however,
that growth of testes was inhibited in the dehydro-
androsterone and androstenedione series and
possibly also in the groups that received oreton
or oreton-B by intraperitoneal injection.

LITERATURE CITED

BrenEMaN, W. R. 1936. Anat. Rec. 64:211.
1937. Endocrinology 21:503.

1938a. Ind. Univ. Sci. Series 7:5.
1938b. Endocrinology 23:44.

Carrow, R. K. 1936. Jour. Physiol. 86:49P.
DeansLEY, R., and Parkgs, A. S. 1937. Proc.
Roy. Soc. B No. 836. Biol. Sci. 127:279.
Domwm, L. V., and Van Dykg, H. B. 1932. Soc.

Expt. Biol. and Med. Proc. 30:349.
FusscaNGeR, R. 1934. Medicine in its Chemi-
cal Aspects 2:185.
GreeEnwooDp, A. W., BuyrH, J. S. S. and CaLLow,

R. K. 1935. Bio. Chem. Jour. 29:1,400.
KocHu, F. C. 1936. Jour. Urol. 35:382.
KocuaxkiaN, C. S. 1938. Endocrinology 22:181.
MgeiscHER, KarL, WETTSTEIN, ALBERT, and

Tscroppr, ErnsT. 1936. Bio. Chem. Jour.

30:1,977.

ParkEs, A. S. 1936. Lancet 2:674.

RippLE, Oscar, and PorLuEmus, Irenxe. 1931.
Amer. Jour. Physiol. 98:121.

ScHOCKAERT, J. A. 1933. Amer. Jour. Physiol.
105:497.

Tscuorp, Ernst. 1935. Klin. Woch. 14:1,064.



96 SEVENTH WORLD’S POULTRY CONGRESS

FORMATION OF THE EGG IN THE OVIDUCT OF BIRDS: OBSERVATIONS ON
TURKEYS!

By V. S. AsMUNDSON, Associate Professor of Pouliry Husbandry, Division of Poultry
Husbandry, University of California, Davis, California, U. S. A.

INTRODUCTION

The formation of the egg in birds has been
studied intensively by many investigators who
have used different techniques. This work has
served to clarify many controversial points and
to bring to light new information, some of which
needs confirmation. Most of the work done has
been with the domestic fowl, but sufficient work
has been done by Chomkovic (1927) with the duck
to indicate that the formation of the duck egg
is essentially the same as that of the chicken egg.

One of the interesting points about the forma-
tion of the egg in the oviduet is the specificity of
the secretion of the different parts. This was first
demonstrated by Coste in 1847, who found that
in the case of an egg entering the isthmus only the
part of the egg actually in the isthmus was covered
with a membrane. Pearl and Curtis (1912)
demonstrated that only about 40 to 50 percent of
the white of the egg is secreted in the albumen-
secreting part, a finding that has since been
confirmed by Chomkovic (1927) for ducks. Pearl
and Curtis (1912), however, considered that pro-
tein was added in the isthmus and uterus.
McNally (1934) interpreted his data as a con-
firmation of the work of Pearl and Curtis, but the
work of Hughes and Scott (1936) failed to confirm
the conclusion arrived at by MecNally. Scott,
Hughes, and Warren (1937) have shown fairly
conclusively that protein is not added to the white
except in the albumen-secreting part. Moreover,
the data of Asmundson and Burmester (1936,
1938) failed to lend any support to the idea that
protein is added in the uterus. It may be as-
sumed, therefore, that water and a little ash are
the main contributions of the isthmus and uterus
to the white of the egg, as reported by Hansen
(1933) and Asmundson and Burmester (1938).
The shell membrane is completed in the isthmus,
according to Asmundson and Jervis (1933),
whereas the shell, including the cuticle, is formed
in the uterus. The vagina does not contribute to
the formation of the egg, as found by Asmundson
(1931, 1933).

There is good reason to believe that the secre-
tion of the anterior portion of the albumen-se-
creting part differs qualitatively from that of the
posterior portion, according to Asmundson and
Burmester (1936). Nevertheless, the white of the
egg usually has a homogeneous, gelatinous con-
sistency at the time the egg enters the isthmus,
there being no indication of a chalaza nor of liquid
albumen, according to Hansen (1933), Warren and

1 Most of the analyses were made under the auspices of the
Works Progress Administration. Acknowledgment is also made
to A. Mecchi, who made a part of the analyses.

Scott (1935), and Asmundson and Burmester
(1936). Conrad and Phillips (1938) demonstrated
that differentiation of the white into chalaza,
inner liquid white, firm white, and outer liquid
white results from mechanical rotation of the egg
in the uterus, and not just from the addition of
water and ash. Thus it appears that qualitative
differences in the secretion of the various portions
of the albumen-secreting part may account for
the differences in the proportion of the firm and
liquid white, which Lorenz, Taylor, and Almquist
(1934) have shown to be inherited. On the other
hand, mechanical rotation is necessary to insure
the counter-clockwise twisting of the chalazae at
the small, and the clockwise twisting of the
chalazae at the large, end observed by Almquist
(1936). Burmester and Card (1938) have shown
that when the part of the oviduct immediately
posterior to the funnel is resected, normal
chalazae are formed. This part of the oviduct
cannot therefore be considered necessary to the
formation of the chalazae as claimed by Richard-
son (1935).

OBSERVATIONS ON TURKEYS

In 1937 work was begun on the formation of the
turkey egg. Three eggs were obtained from each
of 14 turkey hens. The hens were trapnested
every hour. The eggs obtained were placed in an
electric refrigerator and were weighed and par-
titioned within 2 hours of the time they were
brought into the laboratory. The shell was
separated from the shell membrane and the latter
weighed and discarded. The white of the egg
was divided into outer liquid, firm white, and
inner liquid. The yolk was weighed and dis-
carded. The shell was analyzed for ash and
nitrogen. The percentage of solids in the white
was calculated from the refractive index, accord-
ing to the method of Almquist, Lorenz, and
Burmester (1932), whereas the nitrogen of the
white and of the shell was determined by the
Kjeldahl procedure.

Observations on the time interval between eggs
indicate that the length of time required for the
egg to pass through the oviduct is about the same
as for chicken eggs, as reported by Warren and
Scott (1935), and others. The time intervals,
based on averages of 8 to 23 clutches, were as
follows: For two eggs in the clutch, the time
interval was 27 hours 42 minutes; three eggs in
the cluteh, 26 hours 19 minutes between the first
two eggs and 27 hours 56 minutes between the
second and third eggs; five or more eggs in the
cluteh, 23 hours 53 minutes to 26 hours 19 minutes
between eggs.

Immature eggs were removed from the oviducts
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of hens at known intervals from the time the hens
had laid. The position of the egg in the oviduct
was carefully noted. Observation on these eggs
indicates that differentiation of the white into
separate layers seldom begins until t